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Foreword

Trauma Team Dynamics is a very timely text delivered when there is currently a North
American effort to improve patient safety and quality. This text is authored by an international,
multidisciplinary group of authors who are recognized as leaders in their respective fields.

Trauma care is particularly challenging, as optimal patient outcome demands the efficient
integration of multiple disciplines. Individuals with diverse training and experience are con-
stantly striving to define a spectrum of unknown injuries. Their ultimate goal is to provide care
prioritized according to their skills to address the most time-sensitive injuries.

Collaboration begins at the moment an injury is observed, when often a nonmedical person
calls the Emergency Medical System (EMS) via 9-1-1, and must convey key information in a
concise and organized fashion. We often forget the importance of this initial communication
until we are reminded by the reviews of EMS tapes on news media. The need for clear com-
munication and cooperation escalates at the injury scene where often police, fireman, ground
paramedics, and flight nurses arrive at different times to determine their respective role in
managing a critically injured patient. It is at this moment that the fundamental concepts of
leadership, teamwork, communication, and situational awareness become operational.

The ensuing prehospital report, based on collective information, dictates the composition of
the trauma team in the Emergency Department (ED) that is assembled prior to the patient’s
arrival. The need for leadership, teamwork, and communication intensifies as the complexity
of the trauma team increases. There is a no more challenging environment than the blunt mul-
tisystem injured patient arriving to the ED comatose and in shock.

While the American College of Surgeons Committee on Trauma’s Advanced Trauma Life
Support (ATLS) Course provides guidelines for early care of the injured, the timing and
implementation of interventions are often modified as the injury pattern is better defined and
the patient’s response to these resuscitative efforts is determined. The philosophy of damage
control resuscitation is a cogent example. Coordinated teamwork among trauma surgeons,
emergency physicians, ED nurses, neurosurgeons, orthopedic surgeons, physician assistants,
nurse practitioners, ED technicians, as well as respiratory, laboratory, and radiology support
is essential. Teamwork in the operating room (OR) has been a major patient safety issue over
the past decade, and this text provides additional recommendations to ensure this important
goal. The critical decision to shift from definitive operative care to damage control surgery
requires clear communication among the OR team. The need for constructive team dynamics
in the intensive care unit (ICU) is well known as the team confronts challenging issues daily
from the necessity of diagnostic testing to end of life issues. Finally, this text reviews the
essential requirement for leadership, teamwork, communication, and situational awareness in
tactical emergencies and disasters.

Changes in the management of trauma as well as the evolution of technology have led to
many lives being saved over the past few decades. However, the way in which we function as
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Foreword

a team ultimately can influence whether or not a patient sustains further morbidity, and/or
mortality. Developing these nontechnical skills is essential to promoting and sustaining quality
care not only in tactical emergencies and disasters but also in every aspect of medical manage-
ment. It is a focus on these Trauma Team Dynamics that will help shape trauma care over the
next century.

Denver, CO, USA Ernest E. Moore, M.D.



Preface: Trauma as a Team Sport

The American College of Surgeons Advanced Trauma Life Support (ATLS®) Course has revo-
lutionized trauma care by offering a standardized, reproducible and universal approach to
trauma patient management. ATLS® however focuses on management by a solo practitioner
which is rarely the case in modern trauma care. The introduction of a trauma team, no matter
how small, brings with it new challenges and dynamics. To date no text (including the ATLS®
manual) has addressed the unique dynamics created by a multidisciplinary trauma team and
strategies to optimize them.

Further, morbidity and mortality reviews reveal that the majority of medical errors are non-
technical in nature, stemming from faulty decision-making, asynchronous information gather-
ing, lack of situational awareness, and ineffective communication and team leadership.
Reviews of accidents from other high-risk industries, including the airline industry, have had
similar findings. This led NASA (National Aeronautics and Space Administration) and the
airline industry to develop crew (now crisis) resource management (CRM) training. Medicine
has begun adapting this training especially within the realms of anesthesia and critical care.
Trauma surgery has been slower to utilize this work; however simulation-based training is
increasing in popularity. These team-based training strategies address “nontechnical” skills to
counteract human error and improve team and patient safety.

CRM is integral to the way that we manage ourselves, team members, and patients during
emergency situations. It is essentially the ability to translate knowledge of what needs to be
done into effective actions during a crisis situation. There are numerous publications on trauma
diagnosis, management, and treatment of injuries, but little literature exists on communication
within the trauma resuscitation, and how communication can be utilized to improve teamwork
and crisis management, and potentially improve patient resuscitation outcomes.

This book is in no way meant to replace ATLS® training, but instead build on ATLS® prin-
ciples and highlight how they can be applied by a multidisciplinary trauma team. This text-
book represents a unique standalone reference for others trying to teach or learn these Trauma
Team Dynamics. Authored by an international group with a broad expertise in trauma, critical
care, emergency medicine, nursing, respiratory therapy, and prehospital care (including NASA
and United States military affiliated experts), we feel it forms a comprehensive, multidisci-
plinary manual for all trauma team members including pre- and out-of-hospital personnel,
emergency and critical care physicians, trauma surgeons, nurses, and respiratory therapists, as
well as their respective trainees.

The textbook was initially developed to serve as an accompanying manual for a multidisci-
plinary trauma team training course called STARTT (Standardized Trauma and Resuscitation
Team Training). This training course was developed by a team of trauma surgeons, intensiv-
ists, emergency physicians, nurses, and respiratory therapists who are Canadian leaders in the
field of Trauma and surgical education.

Part I highlights the history of CRM including its beginnings with NASA and the airline
industry, and its evolution to other high-risk industries including medicine. It goes on to intro-
duce us to the guiding tenants of CRM and how they can be applied practically in a trauma
setting. These concepts continue to be woven throughout the text as we highlight the importance
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of CRM principles while following the trauma patient from the scene, through prehospital care
and transport, to the trauma bay and finally to definitive care.

In Part II we discover the structure of the modern trauma team, including prehospital per-
sonnel, highlighting the roles of the various trauma team members and design of the typical
trauma bay. We also briefly explore the logistics of trauma system design and important quality
control issues.

Part ITI begins with a review of ATLS® and resuscitation principles and then offers a practi-
cal and comprehensive approach to damage control resuscitation not seen in other texts. It goes
on to discuss the complexities of trauma decision-making and ends with a practical highlight
of common trauma bay procedures.

Part IV stresses certain challenges in the trauma management of specific patient populations
including the pediatric and pregnant patient as well as the patient with multiple medical comor-
bidities and the elderly.

In Part V we discuss conventional and point of care imaging in the trauma patient including
an in-depth look at basic and advanced trauma ultrasound, and new emerging techniques.

Part VI takes trauma to the battlefield, the mountaintop and beyond with discussions on
tactical and battlefield medicine, trauma in austere environments, and even space. In the course
of this discussion, we emphasize the unique challenges of chemical, biological, and nuclear
injuries and how these affect both the patient and the trauma team.

Finally, crisis resource management skills are best taught through a crisis simulation cur-
riculum and therefore Part VII offers practical tips and guidance on CRM curriculum design,
debriefing, and evaluation.

It is our sincere hope that this text serves as a catalyst to improved communication in the
trauma bay, improved multidisciplinary training of team members, and ultimately improved
patient care. Trauma truly is a Team Sport and its time to finally teach it as such.

Winnipeg, MB, Canada Lawrence M. Gillman, MD, MMedEd, FRCSC, FACS
Edmonton, AB, Canada Sandy Widder, MD, FRCSC, FACS, MHA, MSc
Columbia, SC, USA Michael Blaivas, MD, FACEP, FAIUM

Columbia, SC, USA Dimitrios Karakitsos, MD, PhD, DSc
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The Genesis of Crew Resource
Management: The NASA Experience

David J. Alexander

Humble Beginnings

The National Aeronautics and Space Administration (NASA)
has been intimately involved with the process of crew
resource management (CRM) and one of the early innova-
tors of the systematic procedures to eliminate human error in
the cockpit. The first effort was the development of the avia-
tion checklist. This was due to the crash of the Boeing Model
229 aircraft on October 30, 1935. The Boeing Model 229
was an extremely complex aircraft for the time. It had many
revolutionary design elements incorporated. The pilot, who
had never flown the Model 229, had neglected to release the
elevator lock prior to takeoff. The Boeing chief test pilot
aboard the aircraft, Leslie Tower, realized the error once air-
borne. He attempted to release the lock, but was too late to
save the doomed aircraft. The design was in serious jeopardy
after the crash. The press had labeled the aircraft as too com-
plex to fly. Army Air Corps officers pleaded to proceed with
the project, and eventually, 12 aircraft were delivered to the
second Bombardment Wing at Langley Airfield in Virginia.
It was emphasized to the pilots that any further accidents
would result in the cancelation of further orders. The pilots
came together and developed four checklists. These were the
takeoff, flight, pre-landing, and after landing checklists.
They eventually proved that the Model 229 was not “too
much aircraft for a man to fly”; it had systems more complex
than any one man’s memory. These checklists were the
assurance that no item was forgotten. These 12 aircraft went

D.J. Alexander, M.D., M.C., C.ES., EFA.A.E.P. ()

Flight Medicine Johnson Space Center, 2101 NASA Parkway,
SD2-45, Houston, TX 77058, USA

e-mail: david.j.alexander @nasa.gov

© Springer International Publishing Switzerland 2016

on to safely fly 1.8 million miles without a serious accident.
The Model 229 went on to be developed as the B-17. It was
one of the workhorse bombers of World War II and helped to
destroy Nazi Germany’s war industries. The checklist was
then integrated into subsequent Air Corps aircraft and then
the civilian airline industry.

Human error as a cause for an accident was placed in the
public eye again on the night of December 29, 1972. An
Eastern Airlines Lockheed L-1011 Flight 401, would be a
sentinel event in safety. Flight 401 was en route from JFK
Airport, New York, to Miami International Airport. The
Lockheed L-1011 had rolled out of the factory only 4 months
previously. This particular flight carried 163 passengers
and 13 crewmembers. The journey was routine up until
11:32 p.m. The aircraft was on approach to Miami
International and the landing gear was lowered. The landing
gear indicator was not illuminated, indicating the gear was
not down and locked. The landing gear was cycled again and
the illuminator still did not light. The light on the indicator
was burned out and the cockpit crew began replacing the
bulb. The crew discontinued the approach and began a cir-
cling pattern to work on this problem. The second officer
was sent into the lower avionics bay to view through a small
window and confirm the gear was down. The aircraft autopi-
lot was activated to maintain 2,000 ft. During this time, the
pilot accidently leaned against the yoke (control column) and
changed the modes on the autopilot from altitude hold to
CWS (Control Wheel Steering—in which the pilot controlled
the pitch of that aircraft). This forward pressure also
started the aircraft to descend. After descending 250 ft, a
C-cord alarm was sounded in the cockpit. This alarm was
designed to alert the crew that they had descended from their
assigned altitude. The frustrated, fatigued crew who were con-
centrating only on the burned out light did not notice the alarm.

L.M. Gillman et al. (eds.), Trauma Team Dynamics, DOI 10.1007/978-3-319-16586-8_1
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The engineer was not on the flight deck as well and could not
have heard the alarm from the avionics bay. The plane was
over the Everglades at night, and therefore, there was no
ground references to indicate the plane had descended. In
50 seconds, the aircraft was now down to 1,000 ft. The
co-pilot then initiated a 180° turn to maintain a holding pat-
tern and noticed the discrepancy in altitude. This triggered
the following conversation.

Co-Pilot: We did something to the altitude.
Pilot: What?

Co-Pilot: We're still at 2,000 feet, right?
Pilot: Hey—what’s happening here?

Ten seconds later, the aircraft impacted the Everglades.
This resulted in the deaths of 101 persons and was the first
accident of a wide-bodied airliner. At that time, it was the
second deadliest single aircraft disaster in the United States
[1-4].

Another accident around this same time period high-
lighted human error in the cockpit. United Airlines Flight
173 (UAL 173) was making its final approach to Portland
International Airport after a routine flight on December 28,
1978 [5]. The aircraft ran out of fuel and crashed into a resi-
dential area, killing eight passengers and two crew members
and seriously injuring 23 others. While circling, the first offi-
cer and flight engineer told the pilot that the plane was run-
ning low on fuel. The pilot ignored the warnings of his junior
officers. These and other accidents aroused the interest pub-
lically in accidents due to human error.

In all of the cases, the aircrafts were mechanically sound;
the crews were experienced and technically competent. The
system at the time simply did not catch mistakes in time to
prevent these fatal errors. In 1978, the Military Inspector
General determined that poor crew interactions were a major
factor in aircraft accidents. NASA then led the way to change
the aviation community to prevent these accidents from
occurring. In 1979, NASA conducted the Resource
Management on the Flightdeck workshop at the Ames
Research Center [6, 7]. NASA had for many years been con-
ducting research into human factors and performance in
aviation since the early 1970s at the Ames Research Center.
In 1973, interviews with aircrews were conducted, and this
highlighted the lack of training for airline Captains in leader-
ship. H.P. Ruffel-Smith (1979) conducted a 747 simulator-
based study on human behavior [8]. He found that in both
routine and emergency simulations, the better the cockpit
resources were utilized and using effective crew communica-
tions, the better the performance in the cockpit. Several other
studies suggested that incorporating “crew resource manage-
ment” into routine flight operations training would greatly
aid in preventing these accidents. During the workshop, it
was soon discovered that 60-80 % of aviation accidents were

the result of human error. Clearly, the aviation industry had
to change. After another NASA/Federal Aviation
Administration (FAA) workshop conducted in January 1981,
the FAA began incorporating a CRM platform into its regu-
latory program. United Airlines was the first to add CRM
into its training syllabus in 1981.

A New Paradigm Is Born

Crew resource management does not focus on technical
aptitude or skills. CRM focuses on cognitive and interper-
sonal communication needed to organize a complex aviation
environment. Cognitive skills focus on situational aware-
ness, planning, and decision-making. Situational awareness
provides an organized way to recognize salient factors and
conditions that affect the safe operation of the aircraft.
Planning takes the decision construction process across all
phases of the flight. This also incorporates subordinate input
into the decision formation process, but still maintains a
hierarchical structure with the Captain retaining authority
and responsibility of the flight. Interpersonal skills concen-
trate on communications and team building. Essential to
CRM is communication. Research has proven that good
communication not only transfers accurate information but
helps to build a unified understanding of the problems at
hand. It helps everyone to build a mental model of the envi-
ronment and enhances situational awareness. Team building
incorporates the entire crew’s skills and experience result-
ing in the combined efforts far exceeding the capability of
one individual. Emotional climate and stress management
skills are also taught in CRM training. Research showed that
the creation of a positive tone on the flight deck enhanced
the cognitive and interpersonal proficiencies of the crew.
Stress management in the cockpit can be managed by an
organizational culture that efficiently assigns tasks and
establishes priorities. This also incorporates the empower-
ment of subordinates by training them in the skills which
will enable them to take on additional responsibility when
the circumstances demand it.

The airlines embraced CRM training as well as the mili-
tary. NASA took these concepts and incorporated them into
the shuttle training program. One aspect of CRM was simu-
lation training in the management of complex contingency
operations that occur in spaceflight. These had been incorpo-
rated into the NASA culture since the earliest phases of
spaceflight. From Mercury through today’s International
Space Station training, simulators have been a mainstay of
spaceflight practice. NASA has also learned hard lessons
from its failures. The Challenger accident highlighted sev-
eral lapses in the NASA “Safety Culture” that contributed to
the disaster. The investigation highlighted NASA’s and
Morton Thiokol’s failure to respond to the design flaw of the
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O-rings in the Solid Rocket boosters. Rather than redesign
the joint, it was defined as an acceptable flight risk. This was
the “Normalization of Deviancy” or the violation of stan-
dards of practice repeatedly such that they actually become
routine over time. This occurs by errors, lapses, or mistakes
that go unattended, unappreciated, or unresolved for an
extended period of time. The report also impugned the
decision to launch. It cited numerous failures in communica-
tion that resulted in a decision to launch 51-L. The decision
was based on “incomplete and sometimes misleading infor-
mation, a conflict between engineering data and manage-
ment judgments, and a NASA management structure that
permitted internal flight safety problems to bypass key
Shuttle managers” [9].

Attention once again focused on the attitude of NASA
management towards safety issues in 2003, after the Space
Shuttle Columbia loss. The Columbia Accident Investigation
Board (CAIB) deduced that NASA had not incorporated the
lessons of Challenger. One highlight was that the agency had
not set up a truly independent office for safety oversight. The
CAIB concluded that in this area, “NASA’s response to the
Rogers Commission did not meet the Commission’s intent”
[10]. The CAIB believed that “the causes of the institutional
failure responsible for Challenger have not been fixed” [10].
They declared that the same “flawed decision-making pro-
cess” that had culminated in the Challenger accident was at
fault for Columbia’s destruction. The Challenger and
Columbia accidents are now used as case studies in how sev-
eral concepts in CRM broke down. The lessons for NASA
were breakdowns in communication and lapses in group
decision-making and, most importantly, revealed the dangers
of groupthink (in which the desire for conformity or amity in
a group results in a deviant or flawed decision-making
conclusion).

NASA continues to improve the CRM process. The shut-
tle crews incorporated CRM directly into their training.
These Shuttle Transportation System (STS) crews under-
went numerous case simulations of normal and emergent
situations. These incorporated the lessons learned from avia-
tion and the shuttle accidents. These were incorporated into
CRM for the entire shuttle operational teams. The crews
were together for several years prior to launching. This
included not only the mission’s onboard crewmembers but
the Mission Control Teams dedicated to the particular mis-
sions. Numerous crew bonding activities to promote com-
munication and team building were incorporated into training
regimens. Events such as the National Outdoor Leadership
School (NOLS) classes to teach leadership became impor-
tant in astronaut training. These sessions incorporate leader-
ship curriculum, outdoor ethics, and wilderness skills to help
develop good leadership and communication. NASA man-
agement also undergoes CRM training to produce a true
safety culture. These lessons are still integral to the

International Space Station training and the future mission
culture of NASA.

Medicine has also learned from these experiences in avia-
tion. Helmreich and Schafer proposed using the NASA-
inspired crew resource management from the airline industry
in operating rooms [11]. Subsequent to that in 1999, Sexton
et al. compared flight crew interactions with operating room
staff. This extensive multiyear study showed a remarkable
difference in the attitudes about teamwork. The surgical staff
showed that the surgical attendings and residents reported
high levels of teamwork, but the ancillary staff (anesthesiol-
ogy attendings, residents, nurses, and OR nurses) reported
exceptionally low levels of teamwork. A significant amount
of attending surgeons preferred the use of steep hierarchies
(with junior team members being limited in questioning the
decisions and actions of a superior). This was in stark con-
trast to the airline crews, instilled with the crew resource
management styles, who 94 % preferred the flat hierarchies
(in which junior members are encouraged to voice concerns
about the senior members choices and decisions) [12]. The
study also revealed the attitudes toward fatigue. A vast
majority of the surgical staff agreed with the statement “Even
when fatigued, I perform effectively during critical times.” In
stark contrast, only 26 % of the fight crews agreed with that
statement [12]. In 2000, a landmark report from the Institutes
of Medicine (IOM) was released that sparked a large amount
of public debate. The report To Err is human: Building a
Safer Health System examined medical errors in healthcare
systems. The report cited results from Colorado and Utah
that up to 44,000 people died due to medical errors. It then
went on to refer to one New York study which indicated that
up to 98,000 died due to errors in the medical system [12].
The report then concluded emphatically “healthcare is a
decade or more behind other high-risk industries in its atten-
tion to ensuring basic safety.” These lead to public outcries
which subsequently lead to President Bill Clinton executing
an executive order to require federal departments to develop
safer practices in healthcare [13]. This leads the Joint
Commission on Accreditation for Healthcare Organizations
(JCAHO) to support aviation teamwork applications in train-
ing programs for hospitals [14, 15].

The Sexton study and several other papers around that
time triggered numerous changes to training programs which
incorporated aviation-inspired crew resource management.
Critical areas such as the emergency departments, operating
suites, and labor/delivery were identified as those areas that
could benefit from CRM training [16-18]. Anesthesiology
incidents that were related to human error were proclaimed
to be as high as 65-70 % [15]. This prompted the VA Palo
Alto Health Care System and Stanford University to develop
the Anesthesia Crisis Resource Management (ACRM)
system based on CRM [16, 19]. The Army Research
Laboratory and Dynamics Research Corporation developed
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the MedTeams behavior-based teamwork system. This drove
military-based aviation experience into the Emergency
Medicine training [18]. This system was expanded into
Labor and Delivery units. The system eventually drove spe-
cific training and assessment tools incorporated into the
Emergency Team Coordination Course. Similar to aviation
CRM, the entire philosophy was centered on avoiding errors,
ensnaring errors when they occurred, and mitigating all the
consequences of decisions and actions that may have been
taken in error. Peer monitoring is critical in all the medical
CRM approaches. This insures maintaining adequate situa-
tional awareness during essential dynamic medical proce-
dures. This then aids in incorporating good practices to
procedure and improving training programs.

There is much debate currently on the effectiveness of
CRM in medicine. Like aviation, it is difficult to show direct
correlations to improvements in safety. Studies are challeng-
ing to design, and very few studies to date incorporate a con-
trol group. Subjective and anecdotal data do suggest that
aviation-based CRM in medicine is an improvement in the
culture and training previously offered [16, 17, 19, 20].
Aviation has the advantage of 20 years of CRM training and
experience. The improvements in performance for pilots have
been shown in yearly evaluations, actual flight performance
evaluations, and simulator training. The NASA/University of
Texas Line/LOS Checklist (LINE/LOS Checklist) rating
scales for critical crew performance during different phases
of flight has shown improvements [21-23]. Again NASA
helped lead the way for safety improvement and evaluation.
Analogous studies need to be performed in medicine.

Shifts in the culture of medicine to shift from centering
only on technical expertise to include the facilitation of
human interactions will take time. This effort is only now
getting started. Crew resource management is a new para-
digm in a centuries-old institution. This book marks a first
step in introducing CRM to the trauma bay.

Key Points

e NASA has been intimately involved in aviation
safety since the 1970s.

» Several airline accidents gained public attention
when very experienced crews became distracted
and initiated a series of errors that led to major
accidents.

* Groundbreaking studies on human performance by
NASA Ames Laboratories led to the NASA/FAA
workshop in January 1981 to recommend crew
resource management (CRM) to be incorporated
into aviation safety.

(continued)

(continued)

* CRM focuses on cognitive and interpersonal com-
munication needed to organize a complex aviation
environment.

* NASA incorporated CRM into its safety culture,
followed closely by the US Military and the major
airlines.

* Reducing human error in the skies and in hospitals
is a noble endeavor.
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Crisis Resource Management Training

in Trauma

Christopher M. Hicks

Introduction

Error is ubiquitous in trauma care, occurring in as many as
100 % of trauma resuscitations [1]. The trauma room repre-
sents a perfect storm for adverse outcomes; multiple team
members of various backgrounds and training levels, holding
different and often competing patient care priorities, must
interact in the face of diagnostic uncertainty, high patient
acuity, and extreme time pressures to rapidly diagnose and
manage multiple potentially life-threatening injuries.

Prior work has established a taxonomy of common errors
that occur during the care of the trauma patient, which are
known to have a detrimental effect on patient outcomes [2,
3]. The majority of these errors are nontechnical in nature,
stemming from faulty decision-making, asynchronous infor-
mation gathering, lack of situational awareness, and ineffec-
tive communication and team leadership.

Accordingly, there is a need to develop team-based train-
ing strategies that address these nontechnical skills as a spe-
cific strategy to counteract medical error and improve patient
safety. Simulation-based team training has its origins in
high-risk industries such as civilian and military aviation and
has been used effectively in health to train teams in surgery,
critical care, and emergency medicine, improving patient
safety and decreasing error rates [4—6]. Team training is not
a “one-size” intervention, and training applications need to
be adapted and developed to suit domain-specific needs
[6-8].
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The Case for CRM: Origins of Team
Training in Aviation

Aviation may be classified as a high-hazard industry: the
safety of flight crew, and, in the case of commercial aviation,
passengers depends on the precise execution of multiple
high-risk maneuvers coordinated by a team of skilled pilots
and technicians. Over the past several decades, the commer-
cial aviation industry has garnered wide recognition for its
safety record, taking its place among military and nuclear
operations as an example of a high-reliability organization
(HRO). HROs are organizations that exist in hazardous envi-
ronments where errors carry high consequences, yet the error
rate is extremely low [9].

Prior to the 1980, training of civilian and military pilots
focused almost exclusively on the technical aspects of flight
[10]. Prompted by a series of high-profile, high-fatality air-
line incidents, the aviation and aerospace industries began to
take a critical look at why planes crashed. An example is the
Tenerife disaster in 1977, where two fully loaded jumbo jets
(KLM Flight 4805 and Pan Am Flight 1736) collided on the
runway of a small Canary Island airport during a failed take-
off maneuver, killing 583 passengers and crew members—
the most fatal disaster in aviation history. A large,
international panel of experts was involved in the crash
investigation, which implicated errors in communication,
rushed and incomplete procedure, and failure to challenge
the decision-making of senior KLM Captain van Zanten
when it was obvious to crew members that his actions were
hasty and ill-informed [11].

In 1976, the National Aviation and Space Agency (NASA)
began collecting data on all aviation mishaps via the Aviation
Safety and Reporting System (ASRS). Designed in close
cooperation with the aviation industry, the ASRS was a vol-
untary reporting system created to assist in the analysis of
aviation catastrophes and near misses [12]. Early reports
from the ASRS implicated human error as the root cause of
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60-80 % of all aviation incidents [13]. The US General
Accounting Office reported that a lack of team coordination,
failure to assign tasks, and lack of effective leadership and
supervision were a contributing cause in nearly half of fatal
accidents between 1983 and 1985 [14]. In 1984, Billings and
Reynard published a review of 7 years of data and over
35,000 reports in the ASRS in an attempt to better under-
stand and classify the nature of consequential cockpit errors.
The majority of events could be attributed to either human or
system factors: at the system level, over 70 % of reported
incidents involved faulty information transfer [12]. Although
information quality was typically not the culprit, failure to
effectively communicate key data to the personnel responsi-
ble for tactical decision-making frequently led to erroneous
decisions with dire consequences. Reported human factor
error included failure of flight crews to effectively manage
resources, plan for contingencies, question authority, and
request clarification [12]. Whether or not human error
resulted in a consequential accident depended largely on the
environment in which the error occurred—as an example,
the authors point out that an altitude error is more likely to
result in an accident when the plane is close to the ground.
Furthermore, errors were found to be more consequential if
they occurred during periods of high workload or nonroutine
operations [12]. In contrast, technical problems including
aircraft malfunction and equipment failures were compara-
tively rare and, in general, had a less significant impact on
aircraft accidents. Billings concludes:
The disease or disorder called “human error” causes half of the
preventable deaths in both civil and military flying personnel. It is
the largest single cause of premature mortality in this population.
This disorder needs to be attacked as aggressively and effectively

as we have attacked the physiological and medical disorders
responsible for the remainder of preventable deaths [12].

The development of pilot training programs targeting
human factors can be traced back to a 1980 NASA workshop
entitled Resource Management on the Flightdeck [15].
Research presented at this conference explored the human
and team behaviors most frequently implicated in air crashes.
Key targets of cockpit team performance included interper-
sonal communication, decision-making, and leadership [16].
The term “cockpit resource management” (CRM) was cre-
ated to refer to nontechnical (i.e., human resource) cockpit
team training that focused on these specific aspects of human
and team behavior [17]. CRM training was touted as an
important tool to reduce the incidence of consequential avia-
tion mishaps occurring as a result of human error.

Following the NASA workshop, and in response to recom-
mendations made in the wake of the Tenerife investigation,
aviation and aerospace moved quickly to develop CRM-based
team training programs tailored to suit specific industry needs.
Since that time, CRM training has undergone a significant evo-
lution as it became integrated into the fabric of aviation safety

culture and cockpit training. First-generation CRM programs
mainly used seminar and tabletop exercises to engender ele-
ments of effective managerial style and professional behavior
in the cockpit. More recent iterations have cut a broader and
more inclusive swath, using realistic flight simulators to address
human factor training in the context of simulated missions [16].
Third and fourth generations saw simulation-based line-ori-
ented flight training (LOFT) become a required component of
pilot training and expand its scope to include flight technicians,
attendants, and mechanics in an attempt to engender common
attitudes towards safety across disciplines [16]. Although each
generation has had demonstrated successes in influencing flight
crew’s attitudes towards human factors, LOFT training has had
the most robust impact on achieving buy-in from participants
by producing demonstrable changes in behaviors observed dur-
ing formal Line Operational Evaluations (LOE) of crews in full
mission simulation [17]. The Federal Aviation Administration
(FAA) currently requires airlines to providle CRM and LOFT
training for all flight crews, while still allowing for carriers to
maintain a degree of flexibility in training under the Advanced
Qualifications Program (AQP) [1, 18].

A common thread spanning generations of CRM training
is the notion that its primary goal should be to reduce the
incidence of consequential human error through focused
instruction on effective communication, leadership, resource
utilization, problem-solving, and situational awareness.
Helmreich, Merritt, and Wilhelm have argued that even when
these specific behaviors are being taught, the link between
human factors training and error management needs to be
explicitly drawn, such that CRM is regarded as a series of
countermeasures with three lines of defense: the avoidance,
capturing, and mitigation of error and its consequences [16].
In this framework, error is regarded as “ubiquitous and inevi-
table,” and instruction is refocused on the natural limitations
of human ability, the nature of cognitive errors, and the
effects of stress, fatigue, and work overload on team perfor-
mance during both routine and crisis situations.

Proponents of CRM have pointed to a gradual but distinct
decrease in airline incidents and fatalities occurring as a
result of human error over the past 25 years as evidence of
the effectiveness of formal team training to improve safety in
aviation. However, aviation incidents are extremely rare
events, and drawing specific conclusions about the impact of
training in the accident rate per million flights is problematic
[16]. Proposed surrogates have included direct observation
crew attitudes and behaviors using formal LOE protocols. In
the absence of a criterion standard for evaluating perfor-
mance, it is not possible to say with certainty that CRM
training, rather than advances in technology or ‘“smarter
planes,” can account for the bulk of safety improvements.
Nevertheless, based on the strong face validity of CRM
principles, the majority of aviation crews believe that CRM
training has had a significant impact on flight safety [19].
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In 2001, Salas, Burke, Bowers, and Wilson published a
review of 58 reports of CRM training in search of evidence
for its effectiveness in preventing consequential error in
commercial and military aviation [13]. Drawing extensively
from the framework for evaluating training programs devel-
oped by Kirkpatrick [20], Salas and colleagues argue that
while there is reasonable evidence that aviators enjoy CRM
training and learn about CRM as a result of LOFT and other
programs, evidence of a demonstrable impact on outcomes
measured in terms of organizational outcomes is nearly non-
existent. Although simulation-based LOFT and LOE do gen-
erally demonstrate that CRM training has an impact on
behavior, the link between improved cockpit dynamics in a
simulated environment and safety outcomes in the real world
remains by in large theoretical. The most powerful reports
are those that assess the impact of CRM training on multiple
levels and include higher levels of evidence (i.e., influences
behaviors and outcomes) in their analysis—not surprisingly,
there is a paucity of such multilevel reports in the literature,
yet these studies generally offer the most compelling evi-
dence that CRM training can have a broad impact on atti-
tudes, knowledge, behavior, and outcomes [13].

Overall, the weight of evidence suggests that CRM train-
ing programs do offer something of value in promoting safety
and human factors in aviation, and there is a general belief
that human factors training does contribute to “safety in the
skies.” However, as Salas and colleagues point out, larger and
more rigorous multilevel studies are needed in order to accu-
rately assess the impact of team training on aviation safety.

CRM in Medicine: Principles, Limitations,
and Frontiers

Although the Institute of Medicine’s condemning report on
the consequences of medical error was published in 1999,
medicine and in particular anesthesiology had been investi-
gating ways to adopt elements of aviation team training as a
tool to combat error in the operating room (OR) for more
than a decade before the report was released. Several investi-
gations into the causes of OR catastrophes have confirmed
that at least half of critical incidents are caused by human
error [21, 22]. In the late 1980s, David Gaba, Steven Howard,
and a team of researchers at the VA Palo Alto Health Care
System at Stanford University began to experiment with the
use of high-fidelity human patient simulators as a tool to
teach aviation-style team training to OR staff [4]. The result
was Anesthesia Crisis Resource Management (ACRM), a
simulation-based instructional paradigm for OR staff that
focused on teaching principles derived from aviation CRM;
leadership, problem-solving, situational awareness, commu-
nication skills, and resource management are still at the fore-
front of present-day ACRM protocols [23].

ACRM places participants in a realistic OR environment,
complete with monitors, alarms, scrubs, drapes, and actors
playing OR team members—the “patient” is a full-sized
computer-operated human mannequin capable of reproduc-
ing realistic physiologic responses to procedural (i.e., intuba-
tion) or pharmacological interventions (i.e., induction of
general anesthesia). A skilled simulation technician, who
observes the scenario and programs responses from an adja-
cent room, controls mannequin responses. Gaba and his
group developed and utilized the CASE (Comprehensive
Anesthesia Simulation Environment) simulation system,
created specifically for the purpose of investigating human
performance, to faithfully reproduce a wide variety of OR
crises, observe participant behavior, and provide instruction
via focused debriefings using videotaped recordings of the
crisis event as a stimulus for discussion with a skilled facili-
tator [24]. In many centers, anesthesia staff, residents, nurses,
and even medical undergraduates now participate in ACRM
training using high-fidelity simulation [24-26]. ACRM
instruction and evaluation principles have been adopted for a
multitude of disciplines across medicine, from radiology to
critical care and emergency medicine [27-30]. Although
these applications differ in structure and design, the basic
elements of CRM training are similar:

1. Leadership: an effective leader stands back and manages
the team, avoids authority gradients by listening to and
accepting input from the team, and demonstrates prompt
and firm decision-making.

2. Situational awareness: maintaining a “big picture” per-
spective—avoiding fixation error by actively reassessing
and reevaluating the situation.

3. Communication: closed-loop communication (i.e., give
an order/confirm its receipt/confirm its execution).

4. Resource utilization: mobilizing key human and equip-
ment resources, asking for help.

5. Problem-solving: demonstrating an organized approach,
thinking “outside the box,” and rapidly implementing
solutions.

6. Team-based behaviors: mutual support, adaptability, role
clarity, cross-checking.

Effective ACRM training programs are based on three
crucial tenants, as endorsed by Gaba: knowledge (under-
standing key team training principles), practice (the ability to
use the simulator to safely practice team training skills again
and again without threat of harm to patients), and recurrence
(the need to repeat CRM training over time to combat skills
decay) [31].

CRM is not a one-size-fits-all intervention—effective
team training strategies need to be adapted to suit the opera-
tional, knowledge-based, cultural, and skills-based environ-
ment unique to each medical discipline [6]. To that end,
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many disciplines outside of anesthesia have taken or made
initial strides towards the development of targeted team
training interventions, including emergency medicine, criti-
cal care, and more recently trauma [6, 32-35].

Human Factors in Trauma Care

What evidence is there that CRM training has had an impact
on patient safety in trauma? As is the case in aviation, the
answer is not easily arrived at. Numerous studies are avail-
able demonstrating the impact of CRM-type training on
knowledge and attitudes of health-care professionals.
Simulation-based CRM training paired with focused debrief-
ing has been shown to be effective at improving team com-
munication [36], fostering positive attitudes towards team
training [19, 33, 34], and enhancing team performance in a
simulated environment [6, 33]. To date, there is a paucity of
evidence to support the notion that CRM training has an
impact on patient safety and outcomes [37-39]. In 2010,
Capella et al. [40] were able to demonstrate that structured
trauma team training based on TeamSTEPPS [41], human
patient simulation, led to significant decreases in time from
arrival to computerized tomography scanner, endotracheal
intubation, and operating room.

While there is a clear need to evaluate the impact of team
training on patient-centered outcomes, the cumulative evi-
dence to date along with the strong face validity supports the
continued pursuit of structured, high-quality human factor
training as a mechanism to promote patient safety and reduce
consequential error in the trauma bay.

Key Points

e Crisis resource management (CRM) training con-
sists of a training program to improve leadership,
situational awareness, communication, resource
utilization, problem-solving, and team-based
behaviors.

e While it is difficult to establish a clear link between
CRM training and patient outcomes, it has strong face
validity and has been proven effective at improving
team communication, fostering positive attitudes
towards team training, and enhancing team perfor-
mance in a simulated environment.
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Leadership Theories, Skills,

and Application

Sandy Widder, David Kolthoff, and Peter G. Brindley

Background

Trauma can be an environment of chaos. As such, meaningful
leadership skills are required to keep patients safe and to
optimize outcome. Resuscitating the trauma patients can be
particularly demanding. This is due to the concomitant stress
of rescuing unstable multi-injured patients, and the needs
of a complex multidisciplinary team. Without structure,
a stressful climate can lead to inadequate leadership (i.e.,
nobody in charge or inadequate role clarity) or dissonant
leadership (i.e., somebody is in charge, but their style is
inappropriate to the situation or team structure). Therefore,
poor leadership can exacerbate rather than mitigate a diffi-
cult situation, and patients pay the price. Accordingly,
Hjortdahl et al. identified ‘leadership’ as the most essential
nontechnical skill for a trauma team to be successful [1].

A growing body of literature (along with experience and
common sense) suggests that focusing on team-training and
leadership pays off. For example, Thomas et al. studied pedi-
atric residents, undertaking a common neonatal resuscitation
program, but provided deliberate team-training to only half.
This single intervention was associated with increased infor-
mation sharing, inquiry, assertion, vigilance, and workload
management. Other studies have similarly concluded that
team structure matters and that better leadership improves
team performance [2-5]. Accordingly, courses that previously
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focused on factual knowledge are now including modules
on teamwork and leadership. This includes the American
Heart Association and their Advanced Life Support and
Pediatric Advanced Life Support courses [6, 7]. In short, if
teamwork was a drug, we would insist that our patients
received an adequate dose, and in a timely fashion.

Leadership cannot be assumed but can be taught.
Moreover, there is growing evidence that virtual and simu-
lated environments are particularly well suited to address-
ing leadership and other related nontechnical aspects of
resuscitation (situational awareness, role clarity, communi-
cation, and collaboration). The cumulative literature dem-
onstrates substantial improvements in critical treatment
decisions, less potential for adverse outcomes, and improved
team behavior and efficiency [8—10]. Improved team per-
formance is associated with more timely treatment, which
in turn is associated improved trauma outcome. Moreover,
leadership and team skills can also be taught regardless of
seniority. For example, in a study by Ten Eyck, medical stu-
dents who received simulation training had an improvement
in clinical decision-making, communication, and team
interactions [8].

Understanding Good Leadership

While “good leadership™ can be difficult to define, most of
us recognize it when we see it (or lament its absence when
we do not). Regardless, most definitions of “good leaders”
include someone being able to manage the entire situation
(people, tasks, distractions), someone who is prepared to
take responsibility (“okay, I’'m taking over, listen to me”),
and someone who is empowered to make definitive decisions
(the buck stops here). Specifically in trauma, Klein et al.
reported that “effective” leaders performed at least four key
functions: strategic direction, monitoring the progression of
clinical care, providing hands-on treatment, and teaching
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other team members (not only pertinent facts and procedures
but also leadership attributes) [11].

Notably, the terms “leadership” and “management” are
used interchangeably (both within medical and organizational
literature). However, there are subtle differences. While
leadership and management skills overlap—and one without
the other can spell disaster—[12] leadership is more pre-
cisely defined by personal characteristics and how those
attributes affect relationships. In contrast, management
refers more to the functions and logistics of the larger team.
Notably, the Advanced Trauma Life Support course teaches
a useful, universal, and reproducible approach to trauma.
However, this otherwise excellent course focuses on indi-
vidual and technical competencies rather than how to work
within or lead a high-performing team.

There are as many leadership styles as there are leaders.
However, presumably all good leaders share a singular goal: to
guide a group, team, or organization towards a common goal
[13]. A recent publication [13]—based on Lewin, Lippit, and
White’s 1939 work—outlined three archetypal leadership
styles: autocratic, democratic, and laissez faire. The authoritar-
ian, or autocratic leadership style, exemplified clear expecta-
tions and obvious division between leader and follower. This
leadership style was efficient but rarely fostered creativity
within the larger group. Democratic leaders participated within
the group and acknowledged input from members. Despite less
productivity from the democratic group (compared to the auto-
cratic group), the contributions were of higher quality.
Therefore, the democratic leadership style was believed to be
the most effective. However, hierarchy still matters and democ-
racy can go too far. The laissez faire, or delegation group, was
the least productive. Decision-making was least likely because
the group was unstructured and not empowered. Seventy-years
on, it is noteworthy that these archetypal leadership styles are
still recognizable to modern healthcare workers.

The autocrat seeks little input and leads by control. This
has been called a “transactional relationship” and relies upon
rewards and punishments. This in turn depends upon obedi-
ence of subordinates. In contrast, a “transformational rela-
tionship” relies upon engagement and has a flatter authority
gradient. This approach includes the need to inspire and
motivate, create a shared vision, and foster collective owner-
ship. The acuity of trauma can make it hard to find time for
the tact and preemptive engagement required for transforma-
tional relationships. However, this only emphasizes the
importance of anticipatory team building (including that
gained from regular simulation) and the dexterity required of
the modern team leader (see below). Bass introduced the
term transformational leadership in the 1980s. Accordingly,
it has also been called visionary or inspirational leadership.

While it clearly requires more effort (including prior to the
trauma even occurring), it offers a useful goal for the modern
trauma team [14].

Qualities of a Good Leader

In addition to the above, it has been argued that leaders also
need to be self-aware, self-assured, and self-confident. This
needs to be tempered by emotional maturity, integrity, and
acknowledgment of the team’s needs [13]. Effective leader-
ship traits have also been summarized in five broad catego-
ries [15, 16]. These “Big Five” include assurgency
(extroversion), conscientiousness (dependability), agree-
ableness (affiliation), adjustment (emotional stability), and
intellectance (open minded). ‘Assurgency’ would allow for
someone to speak their mind. This is especially helpful in
those trauma resuscitations where members are unfamiliar
with each other’s working styles, or inexperienced in general.
‘Conscientiousness’ speaks to maintaining a high degree of
accountability and ethical standards. This in turn could posi-
tively affect patient outcomes in trauma resuscitation.
Agreeableness would promote cooperation and bonding
within the team. ‘Adjustment’ would allow for emotional
neutrality which is crucial in high stress situations. In con-
trast, when the leader leads in an erratic manner, a potentially
calm resuscitation can spin into chaos. ‘Intellectance’ allows
flattening of the hierarchy and promotes input from others.
This allows for varying perspectives; which is crucial if the
trauma team leader is struggling to find solutions: (i.e., why
is this patient still in shock?) Specifically in trauma, Andersen
et al. concluded that a leader was someone who communi-
cated effectively, delegated tasks, was clinically proficient,
and was able to plan and prioritize [17]. Similarly, Cole and
Crichton defined a leader as someone “who is responsible for
team preparation prior to the patient’s arrival, analysis of
findings, development of a management plan, and coordina-
tion of patient referral to other specialists” [18].

Regardless of the adjectives used to describe good lead-
ers, it is important to emphasize that leaders are more often
made than born. Despite this, leadership skills are insuffi-
ciently addressed in traditional curricula. Therefore, we
should not be surprised that many junior physicians are
uncomfortable being in leadership positions, especially dur-
ing resuscitations. Hayes et al. found half (49.3 %) of resi-
dents felt inadequately prepared to lead cardiac arrest teams
[19] and over half (58.3 %) felt unable to lead an emergency
department resuscitation [20]. In short, we need to do better.
Fortunately, crisis resource management (CRM) (which
includes leadership principles) can be taught and measured.
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Strategies to Improve Leadership

There is a plethora of leadership styles, based primarily on
personality traits, personal experiences, and situational
context. The best leaders are flexible, and do not assume
that one-leadership-style-fits-all. An effective leader can
marry different leadership styles, based on the specific situ-
ation. The first step is self-awareness: recognizing your
personality, how this affects your leadership style, and how
you react to stress. For example, do you tend towards hint-
ing, encouraging, or ordering? Is your natural approach to
praise, admonish, or say nothing? Do you possess the flex-
ibility to alter your style depending upon the acuity of the
situation and the composition of the team? When there is
little help or little time, an authoritative style is probably
required [11]. When patients are more stable and when
senior help is available, a more collaborative approach is
typically better. In short, a good leader is dexterous with
more than just their hands. A good leader knows how to
individualize leadership style just as clinical therapy is
individualized.

Leadership cannot be assumed: it needs to be earned. This
is because team members need to trust their leaders. However,
as outlined above, trust usually takes time. In contrast, trauma
care is notable for its immediacy. Therefore, team leaders
need to rapidly demonstrate their communication and leader-
ship skills. All of this is done while focusing on patient needs,
minimizing adverse events, being aware of the big picture,
understanding the available resources, and directing the pri-
orities. In other words, trust is not automatic, but nor should
it be automatic given the complexity of trauma care. Once
earned, leaders are empowered by the team to be decisive
and, when necessary, to override others. In return, leaders
should make the team feel safe to speak up. They do this by
demonstrating that others’ contributions are valued [21].

Medical doctors (whether surgeons or physicians) are
typically expected to lead a priori. However, the best teams
know to include all team members and not to discount the
leadership abilities of senior nurses or allied health. As out-
lined, the highest functioning teams are dexterous enough to
modify their structure, hierarchy, and communication norms
to an individual problem [22-25]. This means that good
leaders are also responsible for creating the right team cul-
ture no matter what the clinical particulars. This culture
focuses on “what” is right, not “who” is right. In this way, the
right leadership style also promotes a culture of safety and
perpetuates a culture of teamwork [23, 26].

Aviation research shows that in a crisis, 10 % of people
will lead, 10 % will freeze, and 80 % will neither lead nor
freeze ... but can be led [25]. As a result, hierarchy remains
a key strategy to combat confusion and complexity [23, 27].
However, for every strength we gain, we must mitigate a
potential weakness [28]. For example, aviation crashes are

commonly the result of subordinates not speaking up—even
with their own lives at stake! [22, 24]. In contrast, without
leadership, diffusion of responsibility can occur [23]. Some
tasks—typically the easiest—will be addressed by several
people even though one would suffice. Other tasks—typi-
cally harder ones—remain undone [23]. Good leaders rou-
tinely change the focus between clinical task completion and
team coordination [23]. This reduces fixation errors and pre-
vents overtaxing individual members.

Encouraging team members to share information in a
nonpunitive manner can increase team cohesion. However,
how that information is communicated is important. One of
the key features of CRM is utilizing closed loop communica-
tion (command, acknowledgement, report upon completion).
This ensures that instruction are not only heard but under-
stood, completed promptly, and that the team is updated in
order to move to the new priority. Communication should be
delivered in an assertive manner such that it is clear, concise,
and has the appropriate sense of urgency. However, in order
to maintain a functioning team, this communication should
also be respectful and nonthreatening [29].

If clarification is required, and time allows, then the leader
can further bolster teamwork by providing justification as to
why this matters and why now. He/she can also alert the team
about what to expect next. Again, aviation offers practical
strategies that we can apply to trauma care. For example,
pilots talk about “flying ahead of the plane” when they com-
municate proactively. Pilots also emphasize the importance
of communication when they talk about “flying-by-voice”
(rather than say “flying by instruments”). In other words, an
effective leader likely “flies ahead of the patient” and “resus-
citates by voice” as much as with his/her hands. For example,
when a hypovolemic trauma patient is about to be intubated,
the trauma team leader can prepare the team by saying
“because of a decreased level of consciousness, we are intu-
bating this patient. However, he is likely hypovolemic so
may become hypotensive with positive pressure ventilation.
Please ensure we have two units of packed red blood cells
and a norepinephrine infusion ready.” These strategies not
only provide direction and structure, but may decrease doubt
and anxiety to manageable levels [30].

As teams mature further, they will anticipate each other’s
needs and actions. Therefore, they are more likely to act and
communicate more automatically (so-called implicit coordi-
nation), which, in turn, frees team members to listen more
actively [23]. The more routine the task, the more experienced
its members, and the more familiar they are with each other,
the less explicit coordination is required. The more unfamiliar
the task, or its members, the more that explicit coordination is
required.

As outlined, a good leader is one who sustains his or her
team. Therefore, even under stress, it is important to be
professional and calm and maintain everyone’s focus [31].
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Team members can inadvertently create distractions, and
leaders may need to prevent or manage conflicts at the same
time as coordinating a complex resuscitation. As above,
understanding conflict management includes understanding
your own and others’ personalities, and how they can interact
both positively and negatively. We should also recognize
how these signals might be amplified in a stressful environ-
ment. Flin has suggested the following self-help cognitive
technique (STOPP technique) as a practical strategy [31, 32].

S —Stop, do not act immediately. Assess the situation.

T —Take a few deep breaths, pause.

O—Observe. What am I thinking? What am I focused on?
P—Prepare yourself.

P—Practice what works. What is the best thing to do?

A leader should take time to assess the situation, and not
act on emotions alone. They should keep their emotions in
check and understand why a particular reaction may be
invoked. Also, it is important to try to understand the reac-
tion of other members on the trauma team and not take any
conflicts personally. If conflict continues, it is worth acknowl-
edging the difference of opinion, but also reinforcing a con-
gruent mental model. (e.g. “I understand both your points,
but we all need to focus back on securing this airway”).
However, this should not be overdone in a crisis. Typically,
relationship conflicts should not be resolved during an emer-
gency; but this is why debriefing is so important [23]. In con-
trast, task-related conflicts must be dealt with promptly, as
patients can be at risk [23].

Good leaders also know that an inexperienced team can
still function well, but typically need more direction [23].
This usually means more hierarchy and centralizing control
[23, 27]. As the team matures, so should the team structure.
The leader can now create a culture where members learn to
volunteer relevant information, verbalize contingencies, and
apportion responsibility (so-called explicit coordination)
[23]. Once a culture of trust and safety is established, trauma
teams should voice relevant concerns and ask critical ques-
tions. This “cross-monitoring,” or “mutual-monitoring,” is
one way to flatten the team’s authority gradient [23].

Conclusions

Poor teamwork can amplify a vicious cycle where patient care
becomes ever more fractious. In contrast, great teamwork can
create a virtuous cycle: where the teams become ever stron-
ger. A leader has vision and the ability to inspire. However,
leaders also have humility and realize that these skills are
rarely innate and that they alone rarely have all the answers.
Practice and insight can help create a culture of teamwork and
safety... where patients are the ultimate beneficiaries.

Key Points

e Better trauma team leadership is probably associated
with better patient outcomes. As such, teamwork
truly matters.

* An effective leader is self-aware and adopts styles such
as transformational leadership to inspire and motivate
the team.

o Effective team leaders create a shared vision and
can balance leadership and team maintenance.

e Leadership and crisis management go hand in hand.
Leaders need to be flexible and individualize their
approach. This depends upon the acuity of the situ-
ation and the composition of the team.

» Effective teams promote open bilateral communica-
tion and collaborate to create a climate of informa-
tion sharing.

e Communication is the most important way to create
and maintain a team. Attention to verbal and non-
verbal communication is an essential skill in trauma
resuscitation.

* A self-aware leader is able to identify and manage
triggers that could otherwise derail teamwork. The
ability to stay calm and professional, especially dur-
ing stress, is key.
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Teamwork and Communication

in Trauma

Peter G. Brindley

Introduction: Why Does Teamwork Matter?

The idea of directly translating ideas from aviation to medi-
cine may have been oversimplified. However, the best health-
care worker will always be open to insights, no matter what
their origin. This chapter offers well-developed crisis man-
agement strategies taken from other high-stakes professions,
but applied to the modern trauma team. Evidence in the lit-
erature shows that inadequate teamwork (and inadequate
communication) represents amongst the most common rea-
sons for preventable error [1-6]. Despite many advances in
surgical technique and patient care, trauma has been a late-
comer to the study of human factors and team dynamics [1,
2]. This needs to change and we need to share the best ideas
no matter what their source. Aviation offers readily available
strategies regarding how we can make a “science of reducing
complexity” and a “science of team performance” (see
Table 4.1). In short, trauma training needs more “we” and
less “me” [2].

In 1977, the largest aviation disaster (to date) occurred
when flights KLM 4805 and Pan Am 1736 collided. Five hun-
dred and eighty-three died. Investigators concluded that not
only was the accident wholly preventable, but that a major
cause was because the crews had “failed to take the time to
become a team” [1]. In a similar vein, evidence shows that
fewer planes crash when the copilot is flying [7]. There may be
several explanations; however, most believe this is because,
firstly, the senior pilot is unafraid to speak up and, secondly,
because the subordinate is now actively involved [7]. In other
words, an ad hoc team has formed with larger mental and
physical capacity than previously existed. Evidence suggests
the same for acute care medicine [2]. However, what our pro-
fession has been slower to realize is that team skills are not
innate and therefore cannot be left to chance. In addition, these
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are nontechnical skills and require novel approaches such as
simulation. As will be outlined, team skills encompass effec-
tive communication, adaptability, compensatory behavior,
mutual monitoring, and the ability to give and receive feed-
back [2]. In short, modern trauma care is as much about “team
dexterity” (and “verbal dexterity” —see below) as it is about
traditional factual knowledge or procedural skills.

In 1935, after the crash of the B17 bomber during a test
flight, it was lamented that “the modern plane is just too
much for one man to fly” [1]. Similarly, the complexity of
trauma care makes the modern patient simply too much for
one clinician to manage. In fact, the modern critical care unit
patient has been estimated to require approximately 180
steps per day [1]. Regardless of the exact number, clearly
such complexity exceeds even the most capable individual.
Therefore, it is not hyperbolic to argue that without effective
teamwork high-quality trauma care is largely impossible [2].

What Does It Take to Create a Team?

Teamwork, which can be defined as “cooperative efforts to
achieve a common goal,” is more than just subordinates
doing as the leader tells them [2]. Instead, it is about maxi-
mizing the mental and physical problem-solving capabili-
ties, such that the sum exceeds the parts [2]. In addition, task
demands (rescuing the patient) and social demands (running
the team) have to work in parallel [2, 8]. Expressed another
way, we need strategies to turn individuals into team players,
or else the team fails and the patient pays the price. Individual
team members will not share their abilities unless they feel
“safe” to do so [2]. This does not mean that we no longer
need leaders and leadership qualities. However, it does mean
that we cannot create the teams that we want unless we cre-
ate the culture that we need [8].

Culture is a complex whole that includes the knowledge,
beliefs, customs, and habits possessed by a group. It is a
powerful influence upon behaviors, attitudes, and actions
[8]. Traditionally, medicine has a laudable culture that
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Table 4.1 Practical strategies to improve team work in a medical crisis

Team factor Recommendation

Climate and culture * More “we” less “me”

¢ Mutual respect; calm and decisive

* Hierarchy still has a role

e “What” is right, not “who” is right
Establish structure e Assign roles

¢ Assign responsibilities

* Establish priorities

e Communicate throughout
Create shared mental model ¢ Ensure all are on the “same page”

* Invite input when possible

¢ OQutline priorities

* Set emotions of the team
Cross monitor * Monitor performance

* Monitor workload

* Flatten hierarchy

* Encourage feedback
Maintain resilience * Routine practice sessions
¢ Request feedback
* Encourage debriefing

¢ Provide time for casual interaction

includes patient ownership and self-reliance. However, we
typically focus on the individual agenda rather than the cohe-
sion of the team [2]. We also presume that success results
from individual efforts (and failure from individual short-
comings), rather than advantages proffered by the culture or
environment [2]. As a result, quality care has been histori-
cally linked to how the solo practitioner performs, and rem-
edies have focused on individual competence [2—6, 9]. This
needs to change.

In addition to accepting the need for teamwork, we also
need to perfect the team structure. The most common team
failings (and therefore the areas on which to focus our
resources and energies) are the inability to assign roles and
responsibilities, to hold team members to account, to advo-
cate a position or a corrective action, to use checkbacks (i.e.,
“closed-loop communication”), to seek usable information
(as opposed to just “data”), to prioritize tasks, and to cross
monitor other team members [2]. In short, a team of experts
is not the same as an expert team [2].

Teamwork: Good and Bad

Teamwork is probably the best way to mitigate task overload
and fixation errors. However, not all teamwork is inherently
good. As a result, psychology also offers useful cautionary
tales for the modern physician. Zimbardo’s infamous
Stanford prison experiment (which had graduates students
assume the roles of prisoners and prison guards) demon-
strates how easily we can be made to assume roles even when
not beneficial. Even though play acting, the students quickly

formed into two teams, with one becoming excessively
unruly (the prisoners) and the other excessively sadistic (the
guards). In a similar vein, Stanley Milgram’s work (where he
was able to get people to administer electric shocks to others)
further demonstrates our propensity to blind obedience [10].
Solomon Asch’s experiments (where he could get experts to
give incorrect answers just by having other confederates
answer incorrectly beforehand) show how easily we can be
made to do things that we know are wrong. Of note, in Asch’s
experiments there was no overt coercion, merely the power
of embarrassment and social conformity [10].

The apparent irrationality of modern man and his (or her)
blind spots is tough for some professionals to accept [8].
However, humans have evolved as social beings and are there-
fore highly susceptible to social pressures [2, 8]. This will be
explored in more detail in Chap. 5. Regardless, it should not
be surprising that we resort to behaviors that have worked well
for most of our evolutionary past, especially during a crisis
[8]. Accordingly, good team leaders know to capitalize on the
best of our primitive crisis behavior and mitigate against our
innate shortcomings. For example, good leaders can capitalize
on our propensity to obedience during a crisis. At the same
time, good team leaders realize that too much hierarchy will
suppress the team’s larger cognitive capacity [8].

Insightful team leaders should know that once a majority
of team members have formed an opinion, they usually stick
with it despite contradictory information [2]. This is done sub-
consciously to reduce a sense of isolation and of “cognitive
dissonance” (the discomfort that humans have with holding
two or more contradictory ideas simultaneously) [10]. As a
result, a good team leader will deliberately and routinely chal-
lenge assumptions (why are you so certain this is hemorrhagic
shock?). In a similar vein, “group think” means that teams
may follow the majority opinion rather than the rational argu-
ment (“if we all agree, then we can’t be wrong”) [2, 10]. As a
result, the good team leader will force the team to seek out
contradictory information (“I still want to see that ECG before
we take this patient to the operating room”). Interestingly,
teams can also amplify individual behavior. For example,
groups tend towards greater risk if an individual’s initial ten-
dency was to be risky and towards more caution if individuals
were risk averse [2, 10]. Team behavior can (and must) be
managed and is a key leadership skill that can be taught.

Team Leadership 101: The Shared
Mental Model

Leadership includes providing structure to chaos and organiza-
tion where previously there was none [8]. A key strategy is the
“shared mental model” (a common understanding, or, in col-
loquial terms, a sense that everyone is “on the same page”) [2].
This helps to form a task-focused (rather than power-focused
or ego-focused) team as well as a structure to prioritize duties,
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Table 4.2 Practical strategies to improve verbal communication in a
medical crisis

¢ Perform regular simulation exercises

¢ Practice active listening

* Model “transmitter-oriented language”

¢ Ban “mitigating language”

* (ite names; be clear/concise; close the loop

(3 C’s of communication)

e Structure communication using “SBAR” and “repeat backs”
e “Call out” when significant changes occur
* Practice “escalating assertiveness”
¢ Avoid “somebody”’/“anybody” comments

¢ Respect communication “sterility”; control interruptions

manage information, establish roles, stabilize emotions, and
build confidence [2]. If time allows, then the team leader
should invite members to suggest a mental model (“What do
you think? What should we do?”). After all, diverse inputs can
provide the team with a more comprehensive view [2, §].
However, under time pressure, the leader has to rapidly estab-
lish a reasonable mental model that members will support (“I
believe its hemorrhagic shock; please do the following”) [3].
Studies have shown that the best situational awareness and the
shortest reaction time come from practice and prior exposure
[8]. As a result, we should look to regular simulation as an
important (and safe) team-training tool. In this way, simulation
is a great way to develop team “reflexes” and for leaders to
learn the power of the “shared mental model.”

The greater the overlap in shared mental models, the more
likely that team members will predict, adapt, and coordinate,
even if dealing with stress or novelty [2]. It is also essential to
regularly update the shared mental model (“okay, the airway
is secured; our next priority is...”) and to ensure that it still
makes sense as new knowledge comes to light (“I now have
an ECG that shows ST elevation—please listen up because
things have changed”). Task assignment is usually specified
by profession (e.g., anesthetists intubate and surgeons oper-
ate) [2]. Therefore this does not usually need to be negotiated
in the mental model. However, if there is confusion (i.e., both
the anesthetist and surgeon could insert central lines), then
the good leader predicts that it may cause confusion and
hence that it needs to be explicitly stated (“Dr. Smith, you
intubate; Dr. Jones you do lines”). In short, the mental model
must be clear, proactive, and flexible (Table 4.2).

Say What You Mean and Mean What You Say

Mounting evidence shows that ineffective communication
during an acute medical crisis is one of the commonest
reasons for preventable medical error and preventable death
[3, 7, 11]. This should not be a surprise; after all we have
long known that poor cockpit communication—especially

between junior and senior crew —is one of the commonest
reasons why mechanically sound planes crash [3, 7, 11]. It is
also time to understand that our “verbal dexterity” is every
bit as important as factual knowledge or procedural dexterity
during a crisis [3]. Most of what follows is not native to med-
icine. Fortunately, it is highly translatable to our reality.

Many shortfalls in communication can be summarized
using the following pithy quote by Rall and Gaba: “Meant is
not said; said is not heard; heard is not understood; under-
stood is not done” [12]. However, it is also important not to
oversimplify something as complex as communication. For
example, communication is far more than just talking.
Communication aids task execution, enables information
exchange, and helps (or hinders) relationship building [2].
Communication is also more than just what is said. It also
includes how it is said and how it is understood [2]. As a
result, nonverbal communication (which includes posture,
facial expressions, gestures, and eye contact) as well as para-
verbal communication (which includes pacing, tone, vol-
ume, and emphasis) are at least as important as verbal
communication [2, 11]. This is especially true when there is
incongruence between the words used and the facial expres-
sion or the tone [10]. As a result, while this section will pres-
ent several practical verbal techniques (again borrowed from
aviation and adapted to medicine), we are only scratching the
surface. Readers are strongly encouraged to read more and to
realize that expertise in acute trauma means expertise in all
facets of crisis communication [2, 3, 11].

Flight investigators have made flattening the authority gra-
dient a priority [7]. One way to do so is to mandate more
“horizontal communication” [7, 11]. This means that all
members of the team are authorized (in fact obligated) to
speak up and to do so clearly, regardless of rank [ 7]. Moreover,
aviation has mandated “transmitter-orientated” communica-
tion (where it is the speaker’s responsibility to be understood),
rather than “receiver-orientated” communication (where it is
the listeners responsibility to unravel what was meant) [7].
However, making communication more deliberate means that
we also promote active listening [2]. This requires that we
confirm understanding and demand clarification, regardless
of seniority or embarrassment [2, 4, 5]. In short, all team
members take responsibility for how messages are delivered,
received, understood, and carried out [2, 3, 8, 11].

Crisis Communication 101

A common feature following aviation crashes is black-box
silence for minutes before a crash [3, 7]. Similarly, ask most
nurses about the last bad resuscitation they witnessed and it
is likely notable for the same thing: silence despite chaos.
Therefore, team members need to be taught strategies regard-
ing how to speak up [3, 7, 11]. Physicians may not speak due
to stress or uncertainty or simply because they do not have
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the usable lines [13]. For example, instead of silence, we can
teach the leader standardized verbal responses. An example
would be “we still have no pulse...what am I missing?”
Another would be “I am unclear what happened before we
arrived; who can summarize?” [3]. Other team members
need verbal strategies to become part of the trauma team rap-
idly. An example could be “I am from General Surgery; is
there any job that needs doing?” Just as teamwork does not
come naturally nor does crisis communication. Again, simu-
lation is an ideal tool. It enables us to discover what works
and to master what are, after all, life-saving skills.

The military and aviation have used SBAR (Situation,
Background, Assessment, Recommendation) in order to pro-
vide a recognizable structure to communication. While it
may seem overly formal—especially when team members
are either familiar with each other or if the problem is rou-
tine—it can offer a very useful construct for junior staff and
for unfamiliar situations [14]. A simple example could be the
following: Situation: “this is Dr. X; I need your help right
away”’; Background: “he’s a 35-year-old with a blunt splenic
injury”; Assessment: “he is still hypotensive despite four
units of blood”; Recommendation: “You should review him
now regarding need for surgery” [3, 14].

In addition to getting aviators to speak up, they are also
taught how to be acknowledged and how to be taken seri-
ously. Therefore, they learn how to use levels or grades of
assertiveness [2, 3, 7, 11, 13, 15-17]. For example, Robert
Besco’s iconic four-step PACE communication progresses
from probing to alerting to challenging to emergency lan-
guage [17]. Other constructs include up to six steps.
Regardless, the intention is to offer strategies from least to
most direct. For example, this includes the “hint” (e.g.,
“should things look like this?”), “preference” (e.g., “I would
suggest...”), “query” (e.g., “what do you think?”), “shared
suggestion” (e.g., “you and I could”), “statement” (e.g., “we
need to”), and “command” (e.g., “do this now!”). Of note,
those actively listening should also pick up on the escalating
urgency and react accordingly. It is worth reemphasizing that
leaders understand that crisis communication is as much
about listening as talking.

Without instruction, junior team members may only hint
and, if ignored, fail to escalate their assertiveness further [7].
On the other extreme, without instruction, senior team mem-
bers may rely too heavily upon blunt “commands” [7]. This
style is certainly unequivocal and is needed when team mem-
bers have repeatedly failed to appreciate the seriousness of a
situation. However, it can destroy the team structure if rou-
tinely used as the initial, or the only, communication style
[7]. With the same purpose in mind, aviation also teaches a
five-step model of advocacy and confirmation [13]. The fol-
lowing includes aviation examples and medical corollaries:
“Attention Getter” (“Captain/Doctor”), “State Your Concern”
(“We’re low on fuel/the patient is hypotensive”), “State the
Problem as You See It” (“I don’t think we can land/I think

we need to operate now”), “State a Solution” (“Let’s re-route
to a closer airport/I’ll book the OR theater”), and “Obtain
Agreement” (e.g., “Okay, Captain/Doctor?”) [13].

Applying the “C’s of communication” means that we
must cite names (to avoid diffusion of responsibility), that
we must be clear and concise (to avoid confusion), and, most
importantly, that we must close the loop (to confirm that it
has been done) [3-5, 11, 13]. This means that we reinforce
our instructions by demanding verbal feedback. For exam-
ple, we tell a specific person to intubate but also to tell us
when it is done (or to tell us the end tidal CO,). This also
means we do not just ask for two units of blood but rather
“Nurse, give two units of blood...and tell me the blood pres-
sure when it is in” or “Jim, poke for an arterial blood gas...and
bring the result back to me.” In other words, there are many
ways to “close the loop,” but as a strategy, it confirms that the
instruction was heard, understood, and done. A potential
additional C includes “crowd control.” This means ensuring
that there are enough people present (“we do not have some-
one who can do a surgical airway; go and get me Dr. X”), or
that we have the right people present (“please tell me your
role”) or that we do not have too many people present (“thank
you for responding, but we need to clear out all but the fol-
lowing people...”).

Another strategy is the “call out” [13]. This means that we
alert the team whenever there are important changes (“he’s
starting to go back into ventricular fibrillation”) [13]. Similarly,
the “step back method” means we verbally force a “time-out.”
This compels the team to reassess their assumptions (“‘stop
chest compressions; we need to know if we’re still in asys-
tole”). The “repeat back method” [13] provides a safety check
by repeating in order to confirm mutual understanding (“so
was that one full mg of epinephrine?”’). The “read back
method” [13] means we confirm a verbal order before pro-
cessing it (“okay, so first you want two packed cells, then
repeat a hemoglobin, then call you if it has not increased”).

While team members must be encouraged to speak up,
they need to be taught how to make those inputs task focused
and appropriately timed. If not then it can further exacerbate
the cacophony and chaos [2, 8]. Non-helpful interruptions
are considered such a safety hazard in aviation that they are
now addressed in this industry’s standard operating proce-
dures. The “Sterile Cockpit Rule” means that no non-
operational talk is allowed during critical phases such as taxi,
takeoff, or landing [11, 18, 19]. Of note, it applies to all those
in the cockpit to enforce it, not just those currently talking
[11, 18, 19]. We understand the need for microbiologic steril-
ity in surgery, so why not “communication sterility.”

The Sterile Cockpit Rule [18, 19] can be readily adapted
to medical practitioners during resuscitation [3, 8]. In less-
critical situations, we should confirm if others are able to
focus their attention (“I want your opinion; do you have two
full minutes?””) [3]. In more-critical situations, we can
demand attention (“I need you to stop that conversation and
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focus on this critically ill trauma patient”). As was pointed
out to me by a wise resident colleague, the anesthetist is in
his or her critical phase during induction and awakening.
Therefore, the surgeon must avoid unnecessary noise or dis-
traction. Once the operation is under way, the surgeon is now
in his or her critical phase even if the anesthetist no longer is.
It is now just as important for the anesthetist to avoid unnec-
essary interruptions or disturbances to the surgeon. In other
words, all members are responsible for creating the right
environment so that the right team communication can be
leveraged to benefit the patient [3, 11].

Ambiguous or noncommittal speech (aka “mitigating
speech”) is common prior to airline crashes, as well as dur-
ing medical crises [7]. This is why, during crises, we must
replace comments like “perhaps we need a surgeon” or “we
should think about operating” with “get me a surgeon” and
“we need to go to the operating theater, now.” Junior mem-
bers (or those that feel “unsafe” in their role) may mitigate
speech to show deference, when embarrassed, or if unsure
[2, 3]. Interestingly, if time permits, then “mitigating lan-
guage” can be harmless and may aid team building (“if you
get a moment, could you help me with this patient?”).
However, if the wrong communication tool is used during a
crisis, it can be no less dangerous than the wrong surgical
instrument. It is about being as dexterous with your commu-
nication as with your hands.

Overcautious language is inappropriate during crises, just
as overly strident language can be inappropriate at less-
critical times. Crisis communication should still be polite, but
must be unambiguous (“John, your next job is to intubate; do
it now, please”). Communication must also be addressed to a
specific person to avoid diffusion of responsibility [2, 4, 5].
This is why comments like “could someone” and “does any-
body” are inappropriate [2]. However, just as we need to con-
trol communication during a crisis, we need to loosen the
reigns once it has abated. As a result, at other times we also
need to promote more free-flowing communication. This is
essential for debriefing, conflict management, and stress
relief. In other words, communication is also essential to
keep the team resilient ahead of the next crisis [2].

Conclusions

Despite a culture that typically trumps the individual, mod-
ern medicine (and especially acute care medicine) demands
teamwork and team communication. In addition, it requires
team leaders who understand the basics of human psychol-
ogy and how this can be utilized to the patient’s benefit.
Practitioners, educators, and administrators should agree that
teamwork must not be assumed or left to chance. Instead,
teamwork should be deliberately taught and routinely prac-

ticed. We also need to adapt, and then to freely share, the best
strategies learned from other high-stakes professions (and
from each other). In other words, readily available strategies
do exist. The question is whether we have the requisite
humility and insight to evolve.

Key Points

* Nontechnical skills likely have the greatest impact
upon patient safety and outcome.

* We must make a “science of reducing complex-
ity” —fortunately practical strategies can be taught.

» Teamwork is key to reducing chaos and complexity.

e Communication is the key leadership skill.

¢ Good teamwork (and communication) cannot (and
need not) be left to chance.
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Situational Awareness and Human
Performance in Trauma

Peter G. Brindley and Arthur Tse

Introduction

As outlined in the previous chapter, the factors that deter-
mine outcome in a crisis are more social than technological
and have more to do with behavior than with factual recall or
procedural dexterity [1-10]. How we act in a crisis is more
complex but also more ancient than most people assume.
Our behavior is more influenced by psychology than simple
rationality, and we are more psychological than logical [2].
Because we still resort to behaviors that served our evolu-
tionary past, we need to know our “oldest personalities” [2].
We need to study the personality that often takes over in a
crisis, rather than focusing on the one that exists in our rela-
tively controlled daily life.

If an engineer wants to know if something is “up to the
job,” he or she pressure tests it [2]. The same should apply to
trauma leaders and their teams. Our brains have evolved to
do many remarkable things, but resuscitation is not one of
them. Therefore, competence cannot be assumed, but can be
taught and must be tested. Fortunately, our brains (and our
teams) are malleable, and we can be “rewired.” Thus, prepa-
ration and practice are important influences on how we will
react and perform under stress. This chapter aims to provide
applicable insights. After all, evidence shows that the most
important variable in surviving a disaster is our behavior. In
short, disasters are predictable, but the outcome is not [2].
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Situational Awareness

Broadly defined, situational awareness encompasses how we
perceive relevant cues, how we comprehend their meaning,
how we synthesize a mental model, and how we predict what
should happen next [3, 4]. This requires an element of “meta-
cognition”—namely, an awareness and understanding of
one’s own thought processes. This in turn provides insights
into our cognitive strengths and weaknesses and therefore
(hopefully) how to improve our problem solving (see
Table 5.1) [5, 6]. Without reflecting upon how we think and
act (especially under stress), the healthcare provider is more
vulnerable and the patient more likely to pay the price [3-6].
Typically, situational awareness is divided into three levels,
with each building on the one before [3, 7]. In the face of the
information overload and the high stakes of acute care medi-
cine, the ability to maintain situational awareness, to identify
errors, and to take corrective action is quite literally
lifesaving.

Situational Awareness: Level 1

The first level of situational awareness involves the percep-
tion of stimuli (otherwise known as “cues”) [3]. Importantly,
this requires the individual to focus their attention [5].
However, we must also realize that by focusing “here,” we
risk missing “there.” In other words, we have finite attention.
Because of the avalanche of stimuli, we must make con-
scious and unconscious decisions upon where to prioritize
and what to ignore (or postpone). This can lead to fixation
errors: where we focus our attention inappropriately and
where we miss relevant cues. This is especially true during
stress when we achieve a type of cognitive tunnel vision.

In moderation, tunnel vision lets us focus on what really
matters (i.e., airway, breathing, and circulation) and elimi-
nate what can wait (i.e., abnormal blood work). In excess,
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Table 5.1 Human factors associated with situational awareness and performance

Benefits
Perception
Scanning attention Sample many stimuli
Avoid fixing on one stimulus
Focused attention Prioritize
Eliminate “unimportant” cues
Synthesis
Cognitive modeling Recognize patterns (heuristics)

Reduce workload

Predictable response

Projection

Anticipation Predict future events

Sharing Increased resources (cognitive/physical)
Stress

Increased vigilance

Enhanced physical performance

we fixate inappropriately and miss what really matters
(i.e., we commit a fixation error). Examples abound but
include the cardiologist who only looks for cues of myo-
cardial ischemia and therefore misses sepsis or pulmonary
embolus or the internist who misses postoperative bleed-
ing because he looks everywhere but under the dressing.
Other examples are outlined below, but readers are encour-
aged to think of their own examples. After all, fixation
errors appear to happen to practitioners of all specialties
and levels. The difference appears to be that seasoned
practitioners (hopefully) know the most deadly fixations
and how to mitigate them quicker [5]. Additionally, it is
more likely that seasoned practitioners had previously
experienced fixation errors and have learned to increase
flexibility and vigilance.

For those still unconvinced about our cognitive fallibility,
an excellent book by Christopher Chabris and Daniel Simons
reviews their famous psychological experiment (aka “the
invisible gorilla”) [8]. In brief, Simons produced a video
where viewers are asked to simply count basketball passes
between actors wearing white and black shirts. Given the
complex things that most professions do in their daily jobs,
this may seem elementary. However, regardless of seniority,
typically only half are correct. This is because the others
were distracted by an actor who walks into the video frame
midway through. He is wearing a gorilla suit and spends 8 s
pounding his chest. Typically, viewers see either the gorilla
or get the number of passes correct, but rarely both. What is
equally insightful is when the video is replayed, many refuse
to believe that there was ever a gorilla on the original. In
short, our attention is imperfect, but so is our insight. The
excellent video demonstrates how we have blind spots in our
vision (and in our judgment) such that we only see what we
are primed to see. Our brains are prone to looking without

Risks

Stimulus overload
Lack of prioritization
Fixation error

Miss “important” cues

See patterns where they do not exist

Premature closure/confirmation bias
Resistant to new ideas

Incorrect assumptions
Need to coordinate a team

Exhaustion/overload
Impaired complex thinking

seeing, but also to hearing without listening and to acting
without truly thinking [8].

Situational Awareness: Level 2

The second level of situational awareness requires synthesis
and is intended to increase comprehension [3, 9]. In other
words, we fuse disjointed pieces of data (e.g., chest pain,
ECG changes, elevated troponin) into a recognizable model
(i.e., the diagnosis of myocardial ischemia) [3, 9, 10]. By
creating a cognitive model, our brains can accelerate both
our understanding and our action. In other words, the model
provides a short cut or “heuristic” [5, 9]. This in turn allows
for pattern recognition. Ideally, recognition of a model (i.e.,
a diagnosis or clinical syndrome) is how prior classroom
knowledge (pathophysiology, pharmacology, etc.) is retrieved
and applied. Because of the importance of visual and emo-
tional triggers, a more reliable way to unlock and apply
knowledge is through situational exposure: such as realistic
simulation or extensive clinical experience.

Mental models are also useful because they reduce the
individual’s cognitive workload. This can free up scarce
mental resources for other demands. However, once again,
we need to be aware of the potential downside. Firstly, we
may see patterns when they do not actually exist and are slow
to recognize exceptions (i.e., we continue to rationalize a
routine diagnosis by downplaying contradictory informa-
tion). Secondly, all species conserve energy whenever pos-
sible. Pattern recognition and mental models make this
easier. Unfortunately, subconsciously this means that we
rationalize shortcuts and decreased effort. We need to be
wary of our propensity to create overly simple models (so-
called premature closure) when we actually need to continue
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searching for other explanations (e.g., the infection that fails
to respond to antibiotics because it is an abscess that requires
surgical drainage). We need to understand that in a crisis,
vigilance and persistence are ever bit as important as tradi-
tional “cleverness.”

The other downside of our desire to reduce cognitive
workload is that it can make us resistant to change. For
example, the “Semmelweis effect” [11] is the reflex-like ten-
dency to reject new evidence or knowledge because it con-
flicts with established norms, beliefs, or paradigms (i.e., the
“new” does not fit with our current mental model). This is
named after Ignaz Semmelweis who discovered neonatal
mortality could be greatly decreased by hand washing. Once
we understand that our behavior is more “psychological”
than “logical” [5], it is easier to understand why the medical
establishment rejected and even mocked his ideas.

Situational Awareness: Level 3

The third level of situation awareness involves “projection,”
which in turn allows the individual or team to respond proac-
tively [6, 9, 10]. Once a mental model is created, assump-
tions can be shared, and this allow for anticipation and
planning. For example, without even seeing a patient whom
you know to have a severe head injury, you can predict that
they may need airway control. Moreover, it is reasonable to
assume that the patient may become hemodynamically
unstable and hence will need to be where experienced staff
and advanced monitoring are available. In short, this patient
will either need to be in an ICU or near to one, regardless of
the specifics of their case. The need for anticipation and
preparation is also why another high-stakes profession,
namely, the military, talks of the eight p’s of crisis manage-
ment: “proper prior planning and preparation prevents piss-
poor performance.” Expressed another way, “failing to
prepare is akin to preparing to fail.” Regardless, it should be
clear why situational awareness is one of the prime ways for
individuals to safeguard the deteriorating patient; another is
to maximize collective awareness by optimizing the team.
Crisis management is a team sport [5]. Therefore, we
need team situational awareness. Obviously, each individual
has his or her own experience and limitations. However, they
must also know enough about each other’s skills and limita-
tions in order to perform in a unified fashion. Therefore, each
individual needs to not only hone their own situational
awareness but also appreciate others’. Like a Venn diagram,
individuals’ situational awareness must overlap in order to
function together as a team [1, 9]. For example, following a
trauma, as the primary survey is performed, the findings
should be announced. This way all members have an equal
opportunity to achieve the first level of situational awareness.
Subsequently, each team member can then focus on his or

her specific area. For example, the anesthetist evaluates the
patient’s airway and chest regarding airway capture and ven-
tilation. The surgeon also examines the chest, but for typical
surgical interventions such as chest drains or central venous
lines.

As each team member builds an individual awareness,
they report their findings and plans back to the team leader.
The team leader then integrates these individual models
into a shared mental model that summarizes the patient’s
current state (level 2 of situational awareness) and predicts
their trajectory (level 3 of situational awareness). In this way,
the team’s awareness amplifies each individual’s aware-
ness. In short, the leader creates an environment whereall
members feel safe sharing anything that adds to the team’s
ability to react.

Factors Affecting Awareness
and Performance

Attention

During a crisis, the volume of stimuli will typically exceed
even the most capable individual. In order to process informa-
tion, the individual focuses attention on relevant stimuli [2, 5].
In a way, attention is like a searchlight—highlighting things
that the individual can then either perceive as a cue (important
for the cognitive model) or as noise (irrelevant at this time). As
the complexity of a situation increases, the number of possible
cues requiring attention also increases. Unfortunately, like the
diameter of the searchlight’s beam, our attention is limited.
This can cause selection bias either because our attention is
misdirected (toward irrelevant stimuli) or simply insufficient
(not enough cues are collected) [5, 12].

Fortunately, we can mitigate our innate selection bias. For
example, there are two main types of attention in nature, and
both can be applied in acute care medicine. Firstly, there is the
scanning vigilance typified by prey (where focus is routinely
refocused from one area to the next) [13]. In other words, by
constantly redirecting our attention and sampling different
inputs, we reduce the likelihood of selection bias (and fixa-
tion errors) [3, 5, 12]. For example, during trauma resuscita-
tion, we scan the trauma bay looking for cues that suggest
patient distress. Just like lifeguards who scan the beach, we
avoid looking at just one spot. However, when danger strikes,
we need the second type of attention typified by the focused
gaze of a predator [13] (or exemplified by the lifeguard ignor-
ing others as he or she focuses on someone in possible dis-
tress). This is where nonessential stimuli are minimized and
tunnel vision takes over [5]. This second technique avoids
wasting attention. However, as outlined, its potential down-
side is the fixation error and the illusion of centrality (that
nothing outside of our immediate attention matters) [2, 5].
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In civilian disasters, a common three-phase survival arc
exists: denial, deliberation, and decision [2]. Preparation
(whether through simulation or experience) decreases denial,
means you have already done the work of deliberation, and
means you have a cognitive roadmap for decisive action.
This is probably why emergency drills save future lives. This
is also why survival following plane evacuations is consis-
tently higher for those that watched the in-flight safety video
and know their exit [2]. A related three-part model has been
summarized by Leach et al. who stated that we respond to
crisis either by “fight; flight or freeze” [14].

How our human brains respond depends greatly upon
complexity and familiarity. So-called automatic responses
occur immediately because responses are embedded due to
simplicity or repetition [4, 7]. For example, once the surgeon
has begun to tie a knot, the actual tying process consumes
little of their attention. As such, attention is freed up [5].
“Simple decisions” (e.g., which intravenous fluid to order)
occur when there are a few possible responses available.
Therefore, subconscious choosing usually takes a second or
two. “Complex decisions” (e.g., being presented with a clus-
ter of symptoms that you have never seen before) take longer
because there is no appropriate response in the personal data-
base. A response has to be created, and this consumes addi-
tional precious time. Finally, there is the “inability to make
decisions” where no behavioral schema exists and no tempo-
rary schema can be created [14]. This typically causes stress,
panic, or even paralysis [2].

Stress

Stress is a common term in modern life, but can be difficult
to define. It is usually understood be a state of psychological
or physical activation [2, 5]. Stress is also often uncomfort-
able because the need to act is seen as a threat and because
there is a perceived imbalance between demands and
resources. Stress is also common to all high-risk professions
but is a personal experience [2, 3, 6]. In short, we perform a
situational assessment and feel stressed if we feel threatened
or unprepared or under-resourced.

Of note, in its original meaning, stress was not always
negative: it simply described activity and arousal [2]. At low
levels, stress stimulates attention, focus, and vigilance, and
this can aid task completion [2, 3, 5, 9]. Interestingly, when
faced with personal disaster, people appear to perform best
with a mildly elevated heart rate (typically, 115-145 beats
per minute) [2]. However, for every gift that adrenaline
gives, it takes one away. For example, higher heart rates are
associated with both exhaustion and impaired decision mak-
ing. In the battle to decide what to prioritize and what to
neglect, our senses may become heightened, but stress

hormones interfere with complex thinking [2]. Accordingly,
soldiers are taught strategies such as “combat breathing
techniques” to manage the undesirable physical effects of
stress (breath in for four; hold for four; out for four) [2]. It is
also why soldiers train so often that the unfamiliar and
stressful becomes familiar and automatic. As outlined,
under stress, our ability to see (and our judgment) shrinks
such that we reduce periphery vision (and peripheral judg-
ment). We can also get tunnel hearing where certain sounds
are muted and others amplified [2]. As such, stress is closely
associated with fixation errors [5].

A notorious fixation error occurred in 2005 in the UK
[15, 16]. During anesthetic induction of an elective case, a
mother of two, Ms. Elaine Bromiley, could not be intubated
with an endotracheal tube. Multiple consultant anesthetists
repeatedly attempted laryngoscopy. Each failed to sound the
alarm or to move on to alternate strategies. Similarly, less
senior members were concerned but failed to intervene.
Tragically the patient (whose husband was a pilot and an
expert in crisis management) died with severe anoxic brain
injury. Similarly, in the trauma bay, physicians have been
known to focus on the abnormal ECG while the patient’s
oxygen saturation declines unnoticed. In other words, once
we appreciate the basics of how we respond to crisis, our
behavior makes more sense, and we are more likely to guard
against it. Accordingly, we should speak less of medical
errors as if they are unique and surprising and more of pre-
dictable human errors but in an unforgiving high-stakes
medical environment.

The inability to cognitively reevaluate is also known as
task myopia or task saturation [2, 5, 17]. Our tendency to
fixate can be mitigated by stepping back literally and figu-
ratively. For example, the senior physician standing back
from the action often surprises junior colleagues by his/her
ability to pick up on peripheral things that they missed
(“have you considered this possible diagnosis, doctor?”).
As outlined above, lifeguards (but also the police) are taught
to scan to the full extent of their peripheral vision to avoid
fixation. In the complex environments where even scanning
techniques are insufficient, we can reduce stimuli into man-
ageable pieces through task delegation. For example, com-
mercial pilots assign one person to focus solely on flying
the plane at all times, while other routine tasks (e.g., navi-
gation or radio communication) are delegated. Within a
medical team, we can do similarly (e.g., “I am going to
intubate. I won’t be able to see the monitor—you manage
the blood pressure”).

As discussed, our brains function better when familiar
with the problem. We feel more in control basically because
we are and because we can model and predict [2, 5]. In con-
trast, cognitive overload and the absence of a working model
can lead to feeling out of control and out of rational responses.
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Therefore, we are more likely to resort to primitive reflexes
such as panic (i.e., the hysterical airline passenger on a turbu-
lent flight) or even paralysis (i.e., the passenger who refuses
to leave a burning plane) [2]. Interestingly, paralysis may also
be a misguided ancient evolutionary survival technique where
the motionless prey looks dead and is therefore avoided by a
predator.

It appears that every animal (including humans) has the
instinct to shut down under extreme fear (e.g., the deer that
freezes in the car headlights; the human that refuses to leave
the burning building) [2]. We also tend to exhibit to herd
instincts in a crisis. This is probably why we are typically
more obedient when disaster strikes [2]. Therefore, flight
attendants are instructed to be firm with passengers during an
evacuation. In the same way that an animal comes out of its
daze after a loud noise (i.e., the slam of a car door), a human
can be reoriented with unequivocal orders. In other words, if
individuals have temporarily lost their situational awareness,
then it is the team’s responsibility to bring them back.

Conclusions

Crisis behavior requires an understanding of where our
behaviors originated, how they can be mitigated, and why
practice (i.e., crisis immunization) is our best defense. We
need to expedite the mental model but then deliberately and
repeatedly challenge it. Situational awareness means con-
tinually scanning the environment in order to minimize pre-
mature closure and selection bias. Each team member is
responsible for forming and sharing the mental model. In
addition, being the team leader means communicating that
mental model, maintaining global awareness, and amplify-
ing the team’s situational awareness.

Without deliberate strategies, a small crisis can spiral into
arunaway crisis. However, a vicious cycle can also be turned
into a virtuous cycle. Strategies include (1) metacognition
(being aware of our behavioral norms), (2) mandating checks
(due to the likelihood of human error), and (3) regular expo-
sure (ideally through realistic simulation). Managing the
medical crisis is a fascinating combination of science, art,
psychology, and engineering.

Key Points

* Factors that determine outcome in a crisis are more
social than technological.

* First level of situational awareness is the perception
of stimuli (aka “cues”).

(continued)

* Second level requires synthesis with the goal of
comprehension.

e Third level involves projection, anticipation, and
planning.

e OQur attention and response to stress can be improved
upon by metacognition (being more aware of our
behavioral norms) and through regular “crisis
immunization.”

Disclosures/Conflicts None.

References

1. Pruitt CM, Liebelt EL. Enhancing patient safety in the pediatric
emergency department: teams, communication, and lessons from
crew resource management. Pediatr Emerg Care. 2010;26(12):
942-8.

2. Ripley A. The unthinkable: who survives when disaster strikes.
New York: Three Rivers Press; 2008.

3. Endsley MR. Toward a theory of situation awareness in dynamic
systems. Hum Fact J Hum Fact Ergonom Soc. 1995;37(1):32-64.

4. Endsley MR. Theoretical underpinnings of situation awareness: a
critical review. Situation awareness analysis and measurement.
Mahwah, NJ: Lawrence Erlbaum Associates; 2000. p. 3-32.

5. St Pierre M, Hofinger G, Buerschaper C, Simon R. Crisis manage-
ment in acute care settings. 2nd ed. New York: Springer; 2011.

6. Gaba DM, Howard SK, Small SD. Situation awareness in anesthe-
siology. Hum Fact J Hum Fact Ergonom Soc. 1995;37(1):20-31.

7. Durso FT, Sethumadhavan A. Situation awareness: understanding
dynamic environments. Hum Fact ] Hum Fact Ergonom Soc. 2008;
50(3):442-8.

8. Chabris CF, Simons DJ. The invisible gorilla: and other ways our
intuitions deceive us. New York: Crown Publishers, Random
House; 2010.

9. Wickens CD. Situation awareness: review of Mica Endsley’s 1995
articles on situation awareness theory and measurement. Hum Fact
J Hum Fact Ergonom Soc. 2008;50(3):397-403.

10. Stanton NA, Chambers PR, Piggott J. Review of situational aware-
ness: concept, theory, and application. Saf Sci. 2001;39(39):
189-204.

11. Semmelweis Reflex. Wikipedia. [Internet]. http://en.wikipedia.org/
wiki/Semmelweis_reflex. Accessed Dec 2012.

12. Singh H. Understanding diagnostic errors in medicine: a lesson
from aviation. Qual Saf Health Care. 2006;15(3):159-64.

13. Proctor RN, Schiebinger L. Agnotology: the making and unmaking
of ignorance. Stanford: Stanford University Press; 2008.

14. Leach J. Why people ‘freeze’ in an emergency: temporal and cogni-
tive constraints on survival responses. Aviat Space Environ Med.
2004;75(6):539-42.

15. Martin Bromiley. Just a routine operation (you tube). [Internet].
http://www.youtube.com/watch?v=JzlvgtPlof4. Accessed Dec 2012.

16. NHS Institute for Improvement and Innovation. Safer care: improv-
ing patient safety. [Internet]. http://www.institute.nhs.uk/safer_
care/general/human_factors.html. Accessed Dec 2012.

17. Federal aviation authority pilot’s handbook of aeronautical knowl-
edge: aeronautical decision making. [Internet]. http://www.
americanflyers.net/aviationlibrary/pilots_handbook/chapter_16.
html. Accessed Dec 2012.


http://en.wikipedia.org/wiki/Semmelweis_reflex
http://en.wikipedia.org/wiki/Semmelweis_reflex
http://www.youtube.com/watch?v=JzlvgtPIof4
http://www.institute.nhs.uk/safer_care/general/human_factors.html
http://www.institute.nhs.uk/safer_care/general/human_factors.html
http://www.americanflyers.net/aviationlibrary/pilots_handbook/chapter_16.html
http://www.americanflyers.net/aviationlibrary/pilots_handbook/chapter_16.html
http://www.americanflyers.net/aviationlibrary/pilots_handbook/chapter_16.html

Partll

Trauma Team Design



Paramedical and Nonmedical Personnel

Sunil Sookram and Arthur Tse

Introduction

Pre-hospital or EMS (emergency medical services) care is
one of the fundamental tenants of a trauma system. However,
many in-hospital caregivers have little understanding of the
roles and responsibilities of this level of health-care practi-
tioner. The names of the various levels of practitioner, scope
of practice, skill sets, protocols adhered, access to drugs, and
therapeutics differ upon jurisdiction and individual EMS
system. This diversity of practitioner titles, practice patterns,
and capabilities of the out-of-hospital care provider compli-
cates the understanding and appreciation afforded by the
respective in-hospital care providers. Paramedics and non-
physician responders or first responders (firefighters and
police primarily) play an important part in early out-of-
hospital trauma care. This population of caregivers delivers
early trauma care, packages and extricates patients from the
point of injury, and delivers them onto waiting trauma teams.
They carry out early and important resuscitative measures
targeted at optimizing the trauma patient’s airway, breathing,
and circulation. It is important to empathize and appreciate
the challenges and resource limitations of typical out of hos-
pital care. Trauma physicians and nurses must have realistic
expectations with respect to transportation and ongoing care
of the patients that are transported in to trauma centers.

Like many aspects of modern medicine, emergency medi-
cal service (EMS) provision began on the battlefield. The
first documented ambulance services were organized by
Napoleon’s chief military physician, Jean Dominique Larrey.
“Ambulance volantes” traveled onto the battlefield, treated
wounded soldiers, and evacuated them on horse-drawn
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wagons to aid stations. This strategy resulted in a significant
decrease in patients that died from wounds on the battlefield
as the wounded were transported to physician care much faster
than in the past. In North America, the first ambulances were
employed by the Union Army during the American Civil War.

Subsequent civilian branches of ambulance services
slowly developed in major cities throughout the United States
and offered transport for the sick and wounded to hospitals.
In early North American cities, the service was often run by
local funeral homes. By the 1900s, medical residents and
interns often accompanied ambulances and rendered medical
care in addition to the transport provided. At this early stage
of development, pre-hospital medical care developed slowly
and sporadically in various centers throughout the world.
Various systems often coexisted within the same jurisdiction,
including hospital-run systems and municipal fire/ambulance
systems. By the 1960s, with the first development of closed-
chest CPR, the concept of pre-hospital Advanced Life Support
(ALS) began to spawn legislation for the provision of physi-
cian-driven modern pre-hospital care [1].

North American EMS practitioners training and skill sets
have grown significantly over the last three decades. The
growth and popularity of the profession has flourished as a
result of television and popular culture. The EMS systems
across North America are heterogenous but increasing in
government (state/provincial) regulation and level of profes-
sionalism. In most provinces in Canada, EMS practitioners
are regulated professions with their scopes of practice estab-
lished by provincial governing bodies. This governance is
often state regulated in the United States. In Canada, provinces
like Alberta, Saskatchewan, and Nova Scotia have established
Colleges of Paramedics, and others are migrating toward
or close to establishing similar institutions. The Colleges of
Paramedics are regulated provincially to ensure quality of care
and patient safety. Federally, the Paramedic Association of
Canada has established a National Occupational Competency
Profile (NOCP) that outlines the expected skills and capabili-
ties of the various levels of EMS practitioner. The NOCP is
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a living document with regular reviews of scopes of practice
based upon the growing body of evidence (http://paramedic.ca/
wp-content/uploads/2012/12/2011-10-31-Approved-NOCP-
English-Master.pdf). While the nomenclature may differ
slightly based upon the country, or jurisdiction, the fundamental
principles regarding the scope of practice between the various
levels of practitioner are fairly consistent within an NOCP. In
different countries and regions similar paramedic regulatory
processes exist, but the nomenclature may differ. Within each
EMS system, individual EMS practitioners follow established
EMS Medical Protocols also referred to as Medical Control
Guidelines (MCG) which establishes the medical expectations
and management pathways for various patient presentations.
In the United States each individual EMS system must have a
medical oversight plan, which similarly establishes procedures
and protocols that govern individual practitioner’s practice. The
local state governments establish the regulatory framework.

The guidelines or protocols that EMS practitioners utilize
are revised regularly by the EMS systems medical oversight,
often a physician called the medical director for an EMS sys-
tem. In most EMS systems there is direct and indirect physi-
cian oversight. Direct oversight refers to the real-time
communication with practitioners by physicians to give advice
and medical orders. Indirect medical oversight involves medi-
cal input into an EMS system medical policies, practitioner
education, setting practice standards, and expectations.

There are several levels of EMS provider and the nomen-
clature is different and sometimes confusing to the layper-
son. There are slight differences between provinces and
states for expected scopes of practice depending on the level
of certification. While in Canada, the NOCP outlines the
national expectations, some provinces have opted to create
their own provincial occupational competency profiles that
govern each individual practitioner’s scope of practice within
their own jurisdictions. In the United States, individual states
will establish the occupational competency profiles.

Advanced Life Support (ALS) EMS systems have been
introduced throughout. This level of care means patients
have access to an Advanced Care Paramedic, their skills, and
armamentarium. In many parts of Europe, ALS care is deliv-
ered by physicians that staff the ambulances. Countries like
France and Belgium have evolved these systems likely due
the larger numbers of physicians available. In contrast, out-
side of Quebec, most North American systems have only
used paramedical personnel.

There have been clinical trials looking at the utility of
ALS care systems and whether they are advantageous over
Basic Life Support (BLS) EMS systems. The controversy
continues, but the Ontario Prehospital Advanced Life
Support trial (OPALS) showed little advantage of ALS over
BLS in the setting of major trauma [2]. The priority should
be rapid extrication and transport onto waiting trauma teams.

The greater the on-scene time, the higher the expected mor-
tality and morbidity in the severely injured [3]. Most urban
EMS systems in Canada have an ALS system. However, the
greatest need for ALS care would be in the rural environ-
ment, where transport time to any center capable of carrying
out resuscitation, investigations, and definitive care can be
quite a distance away. It is in these rural areas that EMS sys-
tems have the most difficulty attracting, retaining, and staff-
ing ALS-capable resources consistently. Table 6.1 outlines
some of the expected competencies for the various levels of
practitioner based upon the current Alberta Occupational
Competency Profile (AOCP). This may be a more liberal
scope of practice than some of the more conservative pro-
grams in provinces like Quebec. In Quebec, Canada,
Advanced Life Support or ALS care has traditionally been
delivered only by physicians in the ambulances. There has
been evolution of this model over the years. However, ALS
care in Quebec is still in its infancy.

Basic Life Support or BLS care is deemed when Primary
Care Paramedics (PCP) only provide EMS response. Where
limited ALS is available, BLS paramedics may provide first
response to a trauma scene with or without ALS backup.
EMS systems have evolved novel strategies to utilize ALS
care. Some have mixed crew configurations with an ACP and
PCP working on an ambulance. Some systems utilize an
ACP on a roving vehicle which back up BLS practitioners
when needed. EMS systems find solutions to meet the evolv-
ing standards of out-of-hospital care with the levels of prac-
titioner available in their system.

The first responder is often the first on scene during
trauma. This is often provided by full-time or volunteer fire-
fighters as part of an integrated dispatch process. There are a
few models around North America where police have
adopted the first responder role. Regardless, within the pub-
lic safety model, outside community agencies will work
closely with EMS to provide care at the scene of a trauma-
tized patient. First responders provide the extra hands, scene
control, rescue, and extrication skills required in a busy
trauma scene.

There has been expansion of the practitioner levels in
some provinces. A higher level practitioner has been devel-
oped, and this is known as the Critical Care Paramedic or
CCP. This level of practitioner has the skill sets to safely care
for and transport critically ill patients with invasive monitor-
ing, inotropic support, blood products, and mechanical venti-
lation. The CCP is utilized by larger EMS systems that carry
out significant numbers of critical care transports over larger
distances. Organizations like BC Ambulance Service (BCAS),
Shock Trauma Air Rescue Canada (STARS), and ORNGE
utilize this level of practitioner as there are larger volumes of
patients that need their services reducing the need for physi-
cian, respiratory therapy, or nursing accompaniment on these
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Table 6.1 Alberta occupational competency profile: paramedic

EMR
— Human physiology

Primary care paramedic

Advanced care paramedic

— Basic medical equipment operation (monitors, AEDs, tank regulators)

— Vehicle operation
— Extrication
— History taking and physical examination

Medications/routes  Assist patient with their own

p.o.:

- ASA

— Glucose
IM: Epinephrine

SL: Nitroglycerin
IV: D50W, NS

— End-tidal CO, monitoring -

Airwaylventilation ~ — Nasopharyngeal -
— Oropharyngeal -
— Bag Valve Mask
Cardiac care - CPR — CPR, AED
- AED — 3 and 4 lead ECG

— Basic rhythm and conduction =
blocks on 12-lead ECG

Procedural skills Direct pressure upon wounds

Pelvic binding

Intravenous access

p-o./IM/nebulized: Glucagon,
Epinephrine, Ventolin, Atrovent, ASA

NPA, OPA, BVM =
Non-visualized airways =
(combitube, King LT) -

Hemostatic clamps =

Multiple medications, including

crystalloids, colloids, narcotics, paralytics,

and pressors.

Administered via: p.o. Inhalation, SL, IV,

Endotracheal tube, 1O, p.r.

All EMT airways devices

Endotracheal intubation

Surgical airways

Utilizing mechanical ventilators, CPAP

— Manual defibrillation, cardioversion and

pacing

12 and 15 lead ECG interpretation including

BBBs, NSTEMI/STEMI localization

— ABG and basic lab collection and
interpretation

— Monitoring of arterial line, CVP, pulmonary

artery catheter, intra-aortic balloon pump,

infusion pumps, central lines

All of EMT

— Needle thoracocentesis

— Pericardiocentesis

— NG, OG, Foley placement

— Basic suturing

ASA aspirin, NS normal saline, PO by mouth, SL sublingual, /O intraosseous, /V intravenous, PR rectal administration, NPA nasopharyngeal air-
way, OPA oropharyngeal airway, BVM bag mask ventilation, CPR cardiopulmonary resuscitation, AED automated external defibrillator, BBB
bundle branch blocks, NSTEMI non-ST elevation myocardial infarction, STEMI ST elevation myocardial infarction, ABG arterial blood gas, CVP

central venous pressure, NG nasogastric tube, OG orogastric tube

transports. From the scene response perspective, the CCP
crews often respond via helicopter, bring greater comfort, and
experience with airway management and critical care inter-
ventions. The helicopter is then utilized to transport directly
to a Level 1 Trauma Center, thereby facilitating trauma bypass
of smaller hospitals. The CCP training program is extensive
and often includes periods of physician mentorship. This
level of practitioner is often employed in critical care trans-
port systems that include rotary wing, fixed wing, and some
inter-facility ground transport teams.

The out-of-hospital environment is austere which poses
many challenges to initial responders. While principles like
“load and go,” which is minimizing scene time and rapid trans-
port onto definitive care, are strived for, the reality is the trauma
scene is chaotic with multiple competing interests. Limited
resources in personnel and equipment can lead to scene depar-
ture delays. The identified need for hemostasis or airway/venti-
lation maintenance should take priority. However, these
processes do take time, which is at a premium in the trauma-
tized patient. One of the more time-consuming steps is patient
extrication and packaging. Removing an injured patient from a

vehicle involved in a collision is inherently time consuming
and takes significant personnel and energy. Current rescue
dogma is no longer “removing the patient from the vehicle,”
but rather “removing the vehicle from the patient.” This is con-
founded with an environment of inclement weather, poor light-
ing, and patient and or bystander distress. Much of the principles
pre-hospital practitioners follow in managing the trauma scene
and patient is outlined in established curricula in courses like
International Trauma Life Support (ITLS) or the American pro-
gram Pre-hospital Trauma Life Support (PHTLS). Historically,
pre-hospital care has evolved into paramedical personnel that
perform many life-saving procedures once only employed in
hospitals. Procedures like intravenous volume resuscitation,
needle decompression, and endotracheal intubation can be uti-
lized in the field and delivered to the traumatized patient at the
point of injury. Many cutting-edge EMS systems adopted and
trained their personnel in these skills and encouraged their use.
As evidence-based evaluation of practice migrated to the pre-
hospital world and greater scrutiny was employed, EMS medi-
cal directors and practitioners have had to change their
standards of practice.
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With the evolution and increasing sophistication of EMS
systems, medical evidence has weighed in on pre-hospital
care management strategies in trauma. The ongoing debate
of “load and go” versus “stay and play” is moot. Rather a
strategy of “scoop and treat” is preferred. In the United
Kingdom and parts of Europe, physicians can be part of the
EMS response. However, even in these systems, where
advanced therapeutics and procedures are possible due to the
physician present, all practitioners will appreciate that
patients need to be transported rapidly from the scene onto a
trauma center for definitive care as soon as possible. There
will be inherent delays in patient extrication and packaging.
Skilled and rapid clinical assessment and patient care should
be performed en route with minimal scene time as the goal.
Procedures to optimize the airway, breathing, and circulation
should be accomplished with minimal delay in transport.
Recently, some evidence has weighed in on pre-hospital air-
way management. There is some evidence showing higher
mortality with pre-hospital intubation of traumatic head inju-
ries [4]. As a result there has been a push within the medical
oversight community to deemphasize airway capture utiliz-
ing rapid sequence intubation strategies in the pre-hospital
environment [5]. Thus, receiving trauma teams may antici-
pate receiving traumatized patients directly from the field
with only bag valve mask ventilation, the use of supraglottic
airway devices, or patients with decreased level of con-
sciousness (GCS <8) with only supplemental oxygen. Early
definitive airway management, including endotracheal intu-
bation, by receiving trauma teams will need to be a priority.

EMS practitioners are migrating into some nontraditional
roles. With the shortage of physicians in rural areas, pilot
programs have been created by various provincial health sys-
tems to place paramedics in the Emergency Departments to
screen for illness and injuries and collaborate with other
midlevel providers (physician assistants, nurse practitioners)
and physicians are located remotely to provide some medical
care rather than closing the Emergency Department. There
are some urban Emergency Departments that utilize para-
medics within their Emergency Department staff. The para-
medics are used in a nursing role delivering patient care, at
triage or extra hands within the department helping with pro-
cedures or tasks (Foley catheter insertion, intravenous starts,
fracture splinting) [6]. Because of the nature of initial con-
tact with the undifferentiated patient, the Emergency
Department is a coveted learning environment for all levels
of health-care practitioner. Paramedic students, of all levels,
often have emergency medicine rotations they engage in.

Paramedics and other nonphysician personnel play an
important part in the “chain of survival” for traumatized
patients. It is imperative that trauma teams appreciate the
challenges of care out of hospital, include EMS providers in
relevant educational opportunities within trauma systems,
and consider the out-of-hospital perspective when designing
or modifying trauma systems. At patient handover, the para-
medic team has a wealth of knowledge that will help trauma
teams better understand and predict injury patterns and
hemodynamic stability of the trauma patients. Acknowledging
and gathering the information directly from the paramedic
team while the initial assessment and resuscitation is carried
out in the Trauma Room is a worthwhile and a valuable prac-
tice. This will allow trauma care providers to interrogate and
elucidate answers to the SAMPLE history, nature of injury,
and out-of-hospital course of the patient. This will help with
early care decisions and allow a more comprehensive admis-
sion process for in-hospital care providers.

Key Points

e EMS is an integral part of an effective trauma
system.

* There are various levels of EMS providers, each with
different skills sets, competencies, and experience.

* EMS providers are highly skilled individuals that
are committed to a seamless transition of care from
the out-of-hospital to in-hospital environments.

References

1.Kuehl AE. Prehospital systems and medical oversight-national
association of EMS physicians. 3rd ed. Dubuque, IA: Kendall Hunt
Publishing Co; 2002.

2. Stiell IG, Nesbitt LP, Pickett W, Munkley D, Spaite DW, Banek J,
et al. The OPALS Major Trauma Study: impact of advanced life
support on survival and morbidity. CMAJ. 2008;178(9):1141-52.

3.Liberman M. Advanced or basic life support for trauma: meta-
analysis and critical review of the literature. J Trauma. 2000;49(4):
584-99.

4.Murray JA, Demetriades D, Berne TV, Stratton SJ, Cryer HG,
Bongard F, et al. Prehospital intubation in patients with severe head
injury. J Trauma. 2000;49:1065-70.

5.Bledsoe B. Rethinking ETI: should paramedics continue to intubate.
JEMS. 2010;35(7):42-58.

6. Oglesby R. Recruitment and retention benefits of EMT-paramedic
utilization during ED nursing shortages. J Emerg Nurs. 2007;
33(1):21-5.



Transport Medicine

Sunil Sookram and Alison Kabaroff

Introduction

Patient transportation and movement remain an important
part of getting “the right patient, to the right place, in the
right amount of time, using the right transportation modal-
ity.” This is paramount in trauma care. While trauma systems
have evolved, it will be necessary to move traumatized
patients either directly to a trauma center from their point of
injury or through the utilization of inter-facility transport
from another health facility onto a trauma center.

This patient “transition” from the accident scene or outly-
ing hospital onto a trauma center is notoriously a vulnerable
time for patients. Critical incidents are not an infrequent
occurrence during transport. In-transit critical events have
been reported 5.1 % of the time [1]. The goal of transport
medicine is to “maintain or improve a patient’s medical con-
dition during transport.” It is precisely why transport medi-
ums are selected that reduce out-of-hospital time; skilled
crews are assembled to care for a patient during transport;
and cutting edge technology is applied to look for and man-
age ongoing patient medical issues. The natural history of
the severely injured patient is generally a worsening condi-
tion without surgical and/or critical care interventions.

Trauma patients that have their injuries close to a trauma
center, or within a designated geographical distance that a
trauma system establishes patient safety is not compromised,
should be transported directly to the trauma center. “Trauma
bypass” protocols should be created within EMS systems to
utilize ground transport directly onto a trauma center or
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integrate aeromedical transport into the transport plan to
facilitate rendezvous with aeromedical resource (fixed and
rotary wing) to transport directly to a trauma center. The
decision on which patients should bypass the smaller non-
trauma center is trauma system specific but should be based
upon the CDC’s 2011 Guidelines for Field Triage of Injured
Patients (Fig. 7.1).

Skilled and trained paramedical teams should be able to
provide ongoing stabilization and resuscitative measures as a
trauma patient is transported onto a waiting trauma team
directly from the scene. Established protocols will allow
both BLS (basic life support) and ALS (advanced life sup-
port) teams to care for this patient population and expedite
them onto appropriate care. Minimal on scene time is con-
sidered the standard of care. As a result, the direct to trauma
center population should have any procedures required done
en route to hospital and not on scene. Patient packaging is
often rudimentary as it is likely that one EMS caregiver is
driving the ambulance and another one remains at the back
of an ambulance unsecured trying to manage the trauma pri-
orities— ABCs. Prenotification of the receiving center is
paramount to facilitate preparation at the trauma center, and
if the patient’s condition deteriorates in transit, a plan to con-
sider ongoing physician stabilization at a health facility en
route should be considered to allow for advanced procedures
beyond the capabilities of the paramedical personnel and
early administration of blood products.

The reality of many countries’ geography is that direct
transport into a level 1 trauma center is sometimes impossible
or not best for patient safety. Distances may be too great and
inclement weather may impair or delay ground transport.
Other mitigating steps may be that hospital facilities are pres-
ent closer en route, and it is perceived that definitive or higher
levels of care can be brought to bear; more aggressive resusci-
tation can be offered; the need for some technical procedures
or skills is required more urgently (endotracheal intubation,
tube thoracostomy). In such cases, EMS transports to a non-
trauma designated hospital where some initial investigations
and resuscitative efforts are carried out by hospital teams.
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2011 Guidelines for Field Triage of Injured Patients

| Measure vital signs and level of consciousness |

Glasgow Coma Scale <13
Systolic Blood Pressure (mmHg)
Respiratory Rate

<90mmHg

<10 or >29 breaths per minute,
or need for ventilatory support
(<20 in infant aged < 1 year)

¥ NO

| Assess anatomy of injury

v

YES

All penetrating injuries to head, neck, torso, and extremities
proximal to elbow or knee

Chest wall instability or deformity (e.g. flail chest)

Two or more proximal long-bone fractures

Crushed, degloved, mangled, or pulseless extremity
Amputation proximal to wrist or ankle

Pelvic fractures

Open or depressed skull fracture

Paralysis
1 NO

Assess mechanism of injury and
evidence of high-energy impact

v
Falls

— Adults: >20 feet (one story is equal to 10 feet)
— Children: >10 feet or two or three times the height
of the child
High-risk auto crash
— Intrusion, including roof: >12 inches occupant site;
> 18 inches any site
— Ejection (partial or complete) from automobile
— Death in same passenger compartment
- Vehicle telemetry data consistent with a high risk of injury
Auto vs. pedestrian/bicyclist thrown, run over, or with
significant (>20mph) impact
Motorcyle crash >20 mph

YES

1 NO

Assess special patient or
system considerations

Older Adults

- Risk of injury/death increases after age 55 years

— SBP <110 may represent shock after age 65

— Low impact mechanisms (e.g. ground level falls)
may result in severe injury

Children

— Should be triaged preferentially to pediatric
capable trauma centers

Anticoagulants and bleeding disorders

- Patients with head injury are at high risk for
rapid deterioration

Burns

— Without other trauma mechanism: triage to burn facility

— With trauma mechanism: Triage to trauma center

Pregnancy >20 weeks

EMS provider judgment

YES

4 NO

| Transport according to protocol |

Fig.7.1 CDC field triage guidelines. Source: Centers for Disease Control and Prevention

Transport to a trauma center

Steps 1 and 2 attempt to identify the
most seriously injured patients.

These patients should be transported
preferentially to the highest level of
care within the defined trauma system.

Transport to a trauma center,
which, depending upon the defined
trauma system, need not be the

highest level trauma center.

Transport to a trauma center

or hospital capable of timely and
thorough evaluation and initial
management of potentially serious
injuries.

Consider consultation with
medical control.

When in doubt, transport
to a trauma center.
Find the plan to save lives,
at www.cdc.gov/Fieldtriage

National Center for Injury Prevention and Control _,/( CDcll
Division of Injury Response N
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Table 7.1 Trauma center designation

Level of care

1 Central role in the provincial trauma system and
majority of tertiary and quaternary major trauma
care in the system. Academic leadership, teaching
research program

2 Provides care for major trauma. Some trauma
training and outreach programs. Similar to level 1
without academic and research programs

3 Provides initial care for major trauma patients and
transfers patients in need of complex care to level
1 and 2 centers

4 Major urban hospital with a nearby major trauma
center (levels 1-3). Does a large volume of
secondary trauma care. Bypass and triage protocols
are in place diverting major trauma patients to
level 1 and 2 centers

5 Small rural community hospitals or treatment
facilities with little to no immediate access to level
1-3 trauma centers. Most trauma patients are
stabilized, if possible, and rapidly transferred to
higher level of care

Adapted from: Trauma Association of Canada. Trauma System
Accreditation Guidelines [Internet]. June 2011 [cited 2014 Aug 27].
Available from: http://www.traumacanada.ca/accreditation_committee/
Accreditation_Guidelines_2011.pdf [2]

Trauma systems have evolved a classification system
of hospitals and healthcare facilities that categorize the
trauma management capabilities. Level 1, the highest, has all
resuscitative, surgical, diagnostic imaging (interventional
radiology), critical care capabilities. A Level 5 center accounts
for the small rural community hospital with no immediate
access to level 1, 2 and 3 trauma centers. The expectation
would be that patients are stabilized and rapidly transferred
onto higher level of care (Table 7.1) [2].

While trauma systems continue to strive toward all periph-
eral hospitals applying consistent principles to caring for
trauma patients, using approaches like that identified in
Advanced Trauma Life Support, patients ultimately need to be
moved onto centers capable of managing their definitive medi-
cal issues. The transfer of care process should be initiated at the
earliest opportunity. Most physicians will appreciate very early
in the patient encounter that the patient needs a higher level of
care and will require inter-facility transport. However, the deci-
sion to initiate the transfer of care process is often done after
lengthy investigations and time has lapsed. This additional
time until definitive surgical care will influence patient tem-
perature, end organ perfusion, and coagulopathy. Early initia-
tion of the transfer of care process will start a cascade of events
that will get an appropriate transport team to the sending
site concurrently with the ongoing investigations and resuscita-
tive efforts at the sending facility. Early transfer onto definitive
care will mitigate increasing morbidity and mortality.

This subsequent inter-facility transport will begin by a
transfer of care process from a sending physician onto a

receiving trauma team. This conversation may be facilitated
by a regional communications hub that coordinates the
consultation, facilitates appropriate transfer, and provides
advice on patient packaging and ongoing resuscitation needs.
There are several examples of these effective communica-
tion centers that have affiliated critical care or emergency
medicine physicians providing transport medicine and resus-
citation advice to sending and receiving physicians. Some of
the examples in Canada include CritiCall in Ontario, the
STARS Emergency Link Centre throughout the Prairie prov-
inces, ORNGE Communications Centre, and the BC Patient
Transfer Network (PTN). In the United States, various hos-
pital systems organize their own centers, for example, the
University of Maryland’s OneCall system.

Inter-facility transport of the trauma patient can be inher-
ently difficult in many countries. The varying geography,
great distances, and diverse weather patterns complicate safe
and rapid patient transport. The issues and principles that
have to be juggled include establishing the fastest pathway
on to the relevant trauma center—i.e., ground ambulance,
fixed-wing transport or rotary-wing transport; availability of
transport modality; capabilities of transport modality; and
available personnel depending on the patient’s needs. Each of
the transport modalities has advantages and disadvantages.
Prolonged ground transport is inherently dangerous for EMS
crews and the community as a whole when driving “lights
and sirens” over a significant distance [3]. Rotary-wing trans-
port allows direct site-to-site service when both have air
transportation regulatory body-approved landing sites but
has a record, especially in highly populated areas in the
United States, of significant accidents resulting in injury. The
Federal Aviation Agency (FAA) issued a “black box” warn-
ing against helicopter EMS (HEMS) systems in the past and
insisted on the widespread implementation of safety systems
to mitigate the identified risks. These recommendations are
in the process of implementation worldwide. The challenge
of fixed-wing transport is the need for multiple patient trans-
fers into and out of the aircraft and subsequent ground trans-
port between airfields. This process does delay out-of-hospital
time. However, the range of operations offered by fixed-wing
transport facilitates trauma care over large distances.

The EMS ethos has always been that the level of care
delivery should not decrease while a patient is transferred
from one site onto higher levels of care. The inter-facility
transport capabilities should be able to maintain or continue
effective resuscitative strategies en route. Ultimately,
attempts should be made to minimize out-of-hospital times;
as the EMS environment is austere, clinical monitoring and
continued delivery of care can be limited due to space and
human resources. In the hospital, caregivers must appreciate
that during transport, care delivery must be limited.
Psychomotor skills are difficult to perform (endotracheal
intubation, intravenous initiation, splinting) in a closed space
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with limited resources. Due to noise and vibration (sirens,
helicopter rotor, radios), auscultation and continuous moni-
toring is also challenging.

The medicolegal risk during the patient transportation
process is equally shared between the receiving and sending
physician. It is imperative that the consultation process cov-
ers the resuscitation expectations, patient preparation for
transport, and transport medicine issues. Some trauma sys-
tems have access to Transport Medicine Consultants that
join the consultative process and provide advice on these
issues. If we are to ensure that patient level of care is not to
decrease during the vulnerable interhospital transport period,
it is important that we all consider these issues.

Patient Considerations

In order to optimize patient management for and during
transport, the approach used includes:

1. Adequate patient preparation for transport

2. Patient monitoring and ongoing resuscitation en route

3. Seamless transition onto receiving medical teams and
comprehensive handover procedures

Adequate Patient Preparation for Transport

The time during transport is a vulnerable period for patients.
While vigilance is a priority by the transport team, the envi-
ronment is austere, and patient monitoring technologies are
hampered by many factors during transport. This is con-
founded by the natural progression of the underlying pathol-
ogy sustained during the traumatic event. The injuries that
have occurred leading to the need for patient transport to a
trauma center are likely going to evolve over the time to get
to the trauma center; therefore, time is of the essence.

To minimize the impact of the evolving patient condition,
patients are prepared for transport to facilitate the manage-
ment strategies to deal with potential hazards during trans-
port. It is important that the receiving consultant and the
transport medicine consultant address these concerns with
the sending center and the transport team. The same approach
as ATLS should be applied in assessing and packaging the
patient for transport. One needs to anticipate potential prob-
lems and prepare to deal with them at the sending hospital.

Airway with C-Spine Control

If there is a potential for the airway to be lost during trans-
port, it should be captured before leaving the sending center.
A decreased level of consciousness, patient combativeness,
and concern about impending airway loss from hematoma or
edema should prompt airway capture by the most experi-
enced airway person at the sending site. A tenuous airway is

not optimum in transport; as the intubating conditions are not
the best, the success of intubation in the austere environment
is less, and the patient positioning for safe intubation in
transport is not present. Because of the need for maintaining
cervical spine restriction, optimum intubating conditions
cannot be achieved in transit.

Breathing

If a potential exists for worsening ventilation during trans-
port leading to hypoxia or poor ventilation, the airway should
be captured and mechanical ventilation initiated. Patient
conditions like flail chest, large pulmonary contusion, and
requirements for large amounts of analgesic medications all
can impair patient ventilation over time. Preexisting medical
conditions that impact ventilation (chronic obstructive pul-
monary disease (COPD), morbid obesity, congestive heart
failure (CHF)) that would worsen while in a supine condition
(required to maintain spinal motion restriction) should lead
to airway capture and mechanical ventilation before leaving
the sending site.

If there is a potential pneumothorax or hemothorax due to
significant thoracic trauma, it should be managed before send-
ing the patient onto the next destination. Tube thoracostomy is
difficult to perform in transit and may be outside the scope of
practice of the transport team. Over time, thoracic trauma will
likely result in worsening oxygenation and ventilation. From
a transport medicine perspective, it is safer to perform proce-
dures like tube thoracostomy in a hospital. This is especially
true in the setting of aeromedical transport, where Boyle’s law
(pressure is inversely proportional to volume) would have
pneumothorax expand in the hypobaric environment of alti-
tude (fixed and rotary wing). Depending on the anticipated
out-of-hospital time, thoracic trauma can contribute to wors-
ening ventilation and exacerbation of the shock state. Any
patient condition that can potentially worsen should prophy-
lactically be intubated and mechanical ventilation initiated.
Vigilance for potential issues in transport and dealing with
them prior to sending in a transport vehicle are paramount.

Circulation

Similarly, anticipating potential issues from a circulation
standpoint and preparing for potential exacerbation are
important. Managing circulatory issues in the setting of
trauma primarily involves having the patient preparation and
resources to manage hemorrhagic shock. Open wounds that
potentially will continue to bleed need to have at least tem-
porary hemostasis strategies applied. Occlusive dressings are
important to stem the bleeding process. Scalp lacerations are
notorious for ongoing significant bleeding hidden under the
cervical collar and spinal motion restriction apparatus.
Mangled extremities or extremity wounds where hemostasis
cannot be achieved should have tourniquet applied. Identified
fractures of the pelvis that have suspected ongoing bleeding
need to be bound to reduce the bleeding process.
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Adequate and extra intravenous access is required, so that
if one intravenous site is lost in transport, another adequate
site can be used to treat the shock state should it occur. These
lines need to be secured well to avoid them being dislodged
during the transport process. Intraosseous access can be uti-
lized if there is failure to achieve intravenous access rapidly.
There may be a need for blood product administration, and
the transport team will need to have blood products accessi-
ble if needed. They must have the processes and training to
administer blood products if necessary. This falls into differ-
ent scopes of practice depending on the jurisdiction, and on
occasion, hospital staff (physicians or nurses) are required to
accompany the patient during transport if there is a require-
ment for administration of drugs or therapeutics that fall out-
side the scope of practice of the available transport team.
Continuous hemodynamic monitoring is important to exam-
ine the adequacy of the resuscitation process. Some Critical
Care Transport teams can monitor invasive arterial lines or
central venous pressure monitoring. One of the more rudi-
mentary ways of assessing end organ perfusion is by moni-
toring the urine output. Transport teams will use the Foley
output to guide fluid resuscitation. As the younger trauma
victim has good hemodynamic compensatory mechanisms
and falling urine output may be a late finding, all hemody-
namic parameters including serial point-of-care testing are
currently utilized by transport teams. All tubes including the
chest tube output will be monitored by the transport team.
From the receiving trauma team standpoint, reviewing the
transport team’s fluid documentation is important.

Disability

Intubated and mechanically ventilated patients will receive
adequate sedation and analgesia during transport. The uses of
pharmaceutical infusions are often utilized to maintain patient
comfort. Transport teams will often conduct their own history
and physical exam prior to departure to be able to continu-
ously assess and monitor the level of consciousness and
Glasgow Coma Scale. Pupillary changes and evolution of
focal neurologic deficits will prompt interventions established
in protocols or consultation with the transport physician who
acts as online medical oversight. In the setting of traumatic
head injury, the priority will be prevention of secondary brain
injury by managing and preventing within patients:

Hypoxia

Hypotension
Hypercarbia/hypocarbia
Hypoglycemia/hyperglycemia
Hyperthermia

If signs of herniation syndrome develop during transport,
the transport team may seek out online medical advice from
their medical oversight system. In suspected spinal cord

injury, ongoing peripheral motor and sensory exam will be
conducted in transit.

Exposure

Patients should have had a secondary survey completed
before transport. However, the transport team will always
complete a head to toe examination prior to departure to
establish a patient baseline status. The development of hypo-
thermia is very much a possibility in most environments.
Patients have their clothing removed, receive large amounts
of cooler intravenous solution, and are exposed to the ele-
ments in transit. Transport teams are limited in the equip-
ment available to maintain euthermia or rewarm patients
because of airworthiness in the acromedical environment or
physical space in an ambulance. Steps should be taken to
identify potential hypothermia and initiate processes to miti-
gate it both at the sending facility and during transport.

Patient Monitoring and Ongoing Resuscitation

With the advent of more sophisticated transport teams,
higher attention to detail and use of technology with respect
to ongoing patient monitoring during inter-facility transport
is possible. Hemodynamic monitors can be followed, and
serial resuscitative markers can be determined using point-
of-care testing.

Transport teams have been trained to be quite vigilant
during the inter-facility transport environment. They are car-
ing for critically unwell patients in an austere environment
using technology that does not always tolerate the transport
environment perfectly. The background noise and vibration
of an aircraft or ambulance make following monitoring
alarms and waveforms inherently difficult. Using the hemo-
dynamic parameters created by the transport monitors and
the serial patient exam, ongoing resuscitative efforts are con-
tinued by the team. The transport teams follow established
protocols and use transport physician consultation to guide
their patient management. Technologies like radios, satellite
phones, and cell phones are utilized. Where communications
fail and there is no access to medical oversight, which is a
distinct possibility in parts of the land, the crew uses their
training and experience to guide ongoing care. Most patient
transport systems use only the most experienced EMS prac-
titioners for this role.

Seamless Transition onto Receiving Medical
Teams and Comprehensive Handover Procedures

Once arrived at the receiving site, patient transfer processes
will occur. Patients will be physically handed over to the
receiving trauma team stretcher. The wealth of information
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acquired from the sending site and during transport will be
accumulated and handed over to the receiving team. A writ-
ten patient care record will be produced by the transport
team, but it takes time to enter all the required regulatory and
patient data that must be downloaded from the hemodynamic
monitoring and produce a document. The transport teams are
a wealth of information, and it is advised that they are inter-
viewed by the physician team once initial patient care priori-
ties are complete.

Aeromedical Transport

Patients may be sent by ground or air resources. Unless the
helicopter or fixed-wing resource is located close to the
hospital, the air environment will often require ground
transfer to a collection point for embarkation upon the
available aircraft. Patients need to be packaged properly
for transport. This means securing intravenous access,
endotracheal tubes, and any other appendages (chest tube,
Foley catheter, etc.). As these appendages may not be com-
patible or optimally sized to fit in the transport modality,
EMS personnel will need to convert some of these append-
ages to transport worthy ones. Building redundancy into
the patient care plan during transport is important. Making
sure that all tubes, lines, and appendages are secured firmly
is required. Moving patients into and out of vehicles is
done carefully and diligently, to minimize any traction or
pulling on the appendages to avoid any dislodgement. If a
transport checklist is available prior to leaving, it should be
used to ensure that elements of patient care are not forgot-
ten in the setting of a chaotic trauma and also to optimize
patient safety.

Both rotary- and fixed-wing transport resources are uti-
lized to mobilize trauma patients. Aeromedical crews often
have enhanced training and experience in the management of
critically ill patients at altitude. There exist specialized
equipment, processes, and protocols that have to be followed
to ensure flight safety, aeromedical crew well-being, and
optimized patient care. Many jurisdictions have elected to
certify the aeromedical EMS practitioner level to Critical
Care Paramedic (CCP) status. Additionally, the aeromedical
environment has unique challenges that must be considered
as we move trauma patients from one health facility onto
another. Aircraft fly at altitude. Rotary-wing aircraft fly
under 5000 ft, but the fixed-wing aircraft can ascend to
greater than 10,000 ft. At altitude, the hypobaric environ-
ment exists and can complicate patient care.

Extra care must be taken to adequately prepare patients
for aeromedical transport. Because the aeromedical environ-
ment exposes patients to altitude and the hypobaric environ-
ment, there is the potential for the patient condition to

deteriorate within this setting. Working knowledge of the gas
laws must be applied to mitigate patient care issues in the
aeromedical environment.

Boyle's Law (P x 1/V)

Pressure and volume are inversely proportional. As one
ascends, the pressure decreases and gas expands. So if there
is any potential collection of air, it will expand at altitude.
Trauma care needs to be adjusted accordingly. If there are
any pneumothoraces or potential ones, they should be
decompressed on the ground with a chest tube. Should the
patient condition deteriorate at altitude, it is difficult to
appreciate pneumothorax evolution as auscultation is impos-
sible. Access to the affected hemothorax may be difficult
depending on the airframe utilized. It is far safer to place
chest tubes liberally on the ground prior to embarkment to
optimize patient safety. Other collections of air need mitiga-
tion as well. Bowel obstructions should be decompressed
with an orogastric or nasogastric tube; limb casts placed on
the patient should not be circumferential but rather bivalved;
maxillofacial injuries may become more painful at altitude
due to an inability of the sinuses to vent.

Dalton’s Law (Total =Pressure 1+ Pressure
2+... Pressuren)

The pressure of a mixture of gases is equal to the sum of the
pressures of all of the constituent gases alone. Therefore, at
altitude, when the total pressure is less, there will be less oxy-
gen available for the patient. Fixed-wing aircraft often fly
above 10,000 ft, but the interior cabin pressure is fixed at
around 6000-8000 ft. For those who have normal physiology,
normal respiration mechanics, and no ventilation/perfusion
mismatch processes, we can compensate for the mild hypoxia
at altitude. However, if one has compromised oxygenation or
ventilation processes, the mild hypoxia can have a profound
impact upon one’s respiratory system. If there is a potential
for worsened respiratory status, hypoxia, or ventilation issues,
it is wise to capture the airway and initiate mechanical venti-
lation on the ground before transferring into the aircraft.

Universal Gas Law (PV=nRT)

Pressure and temperature are directly proportional. As one
ascends to altitude, the temperature drops. Hypothermia will
complicate trauma resuscitation. It worsens the shock state
and must be prevented in trauma care. If the environment sur-
rounding the patient is getting colder during transport, steps
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must be taken by the sending and transport teams to keep the
patient warm, monitor for hypothermia, and prevent heat loss.
Trauma patients are already at risk of hypothermia as they
likely will have their clothes removed, have received signifi-
cant amounts of cold fluids, and may be exposed to the ele-
ments. Caregivers must remain diligent to prevent
hypothermia and take active steps to warm patients up during
trauma resuscitation and transport. The use of core tempera-
ture evaluation using esophageal thermometers, continuous
rectal thermometry, and bladder temperature monitoring
using specialized Foley catheters are options to consider.
Patient rewarming strategies in the air are limited to equip-
ment that is deemed airworthy by governmental regulatory
agencies.

The aeromedical environment poses significant chal-
lenges to trauma care. While it may be the fastest way of
moving the trauma patient through inter-facility transport or
directly from trauma scene to trauma centers within the
response radius, highly trained and skilled crews are required.
These individuals are often selected because of their clinical
acumen, critical thinking, and good psychomotor skills.
A collaborative approach should be utilized when working
with the aeromedical experts to properly package patients
and get them to the trauma center.

Conclusions

The goal of the transport team is to “get the right patient to the
right place in the right amount of time using the right transport
modality.” This complex interrelationship is varied around the
world based upon geography and resource allocation. Inter-
facility transport by transport teams occurs daily as regional-
ized health systems move patients to where their needs are

Key Points

* Patient transport remains a notoriously vulnerable
time for trauma patients.

e Trauma systems should be structures to include a
variety of transport modalities to ensure that trauma
patients reach an appropriate definitive center of
care in the shortest period of time.

* Essential tenants of transport include adequate
patient preparation for transport, patient monitoring
and ongoing resuscitation en route, and seamless
transition onto receiving medical teams with com-
prehensive handover procedures.

e Careful attention to the gas laws must be applied to
mitigate patient care issues in the aeromedical
environment.

met. All trauma team members need to recognize the chal-
lenges of caring for critically unwell trauma patients during
the transport process and facilitate the seamless transition of
care by engaging the transport teams and utilizing the infor-
mation they have acquired over their time with the patient.
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Trauma Team Structure

and Organization

Paul T. Engels, J. Damian Paton-Gay, and Homer C. Tien

Introduction

The American College of Surgeons (ACS) and its Committee
on Trauma (COT) have developed the Advanced Trauma
Life Support (ATLS) program for healthcare professionals
[1]. The ATLS program provides physicians who manage
trauma patients with a safe, reliable method for immediate
management of the severely injured patient. Tasks are per-
formed in sequence, one after the other, in a programmati-
cally defined order of priority. The original design, however,
was targeting individuals working in a setting with limited
resources, including limited healthcare personnel.

Ideally, however, trauma care should be a team sport [2].
It is well established that care of the severely injured trauma
patient is best accomplished by an organized team [3, 4]
that may consist of physicians, nurses, and allied health
personnel [5]. A team approach can make the resuscitation
more effective and efficient, as tasks can be performed in
parallel, as opposed to in sequence.
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In 1976, the American College of Surgeons Committee
on Trauma published the first resource guide for care of the
injured patient [6] that described the concept of trauma care
in a team setting. The document has evolved significantly, as
has the “trauma team.” A modern definition of a trauma team
is a group of doctors, nurses, and support staff whose pri-
mary responsibility is to receive and care for severely injured
trauma patients in a comprehensive and multidisciplinary
manner. The trauma team is an integral part of any trauma
system. Resuscitation by a specific group of healthcare pro-
fessionals, with clearly defined roles, led by an experienced
trauma team leader (TTL), has been demonstrated to improve
patient care and outcomes [7-12] and forms the backbone of
care in major trauma centers [5, 13].

Teamwork is recognized as an essential component in
ensuring the best outcomes in patient safety [14] and is
encouraged to achieve optimal performance [15]. Despite
the protocol-driven nature of ATLS [1], human factors may
affect team structure [16], leadership, communication [17],
and effectiveness [18]. As outlined in Part 1 of this text, non-
technical skills, or crisis resource management (CRM) skills,
are increasingly recognized as being invaluable components
for optimal team function [19], and the deliberate teaching of
CRM skills has been shown to improve team performance
[20]. Trauma team training programs have been shown to
improve team knowledge and performance in a multitude of
settings ranging from US civilian trauma centers [21] to
developing countries [22-24] and the military [25]. The
most recent edition of ATLS clearly recognizes the impor-
tance of the trauma team and its function—and the necessity
of training to optimize performance— in order to best care
for the injured trauma patient [1].

Ideally, the trauma team should be present before arrival
of the trauma patient. Otherwise, the emergency department
(ED) response to an injured patient typically begins with an
assessment by an emergency medicine (EM) physician, who
may have several other patients to follow and can accom-
plish tasks in succession only. Consultation of additional sur-
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gical specialties might only occur if deemed necessary after
the assessment, thereby delaying any response. However,
trauma patients can present in physiologic extremis and
require urgent diagnostic and therapeutic interventions
immediately upon arrival in order to reduce mortality and
morbidity. The implementation of dedicated trauma teams
has been shown to improve patient outcomes [7, 8, 26] and
forms the standard of care in North American trauma centers
for severely injured patients [5, 13]. Nevertheless, tailoring
an institution’s trauma team activation (TTA) criteria plays
an important role in appropriately selecting which injured
patients require a TTA, and which can be more efficiently
managed by the EM physician [5]. As even delayed TTA has
been associated with prolonged hospital stay [27], the bal-
ance between over-and under-triage must be continuously
monitored [5, 28]. How a medical facility meets the needs of
the trauma patients will vary among countries; however, the
ATLS [1] and WHO guidelines [29] form the backbone of
the standards of care for any trauma facility.

The goal of early trauma team activation (TTA) is to
mobilize the team members and hospital resources before
the patient arrives, so that life- and limb-saving interventions
can be provided immediately upon arrival. As well, it is also
important to share prehospital information with the team in
preparation for the patient arrival and allow members of the
multidisciplinary team to garner personal protective equip-
ment, including lead shielding.

The size and composition of the trauma team may vary
with hospital size and resources, the severity of injury, and the
corresponding level of trauma team activation. Airway
obstruction is a rare but exceedingly rapid cause of trauma-
related death. Severe brain injury and torso exsanguination
cause the vast majority of all trauma-related deaths [26].
Extremity injuries are among the leading causes of disability
after injury [30, 31]. Therefore, most high-level TTAs within a
resource-rich environment include core team members from
anesthesia, emergency medicine, general surgery, neurosur-
gery, orthopedic surgery, respiratory therapy, and nursing.
Other team members may include radiology, critical care,
obstetrics, urology, plastic surgery, social work, security, labo-
ratory, and more. Smaller hospitals may only be able to mobi-
lize a less resource intensive team, and less severely injured
patients may only require partial team activation. In North
America, trauma centers are stratified into levels according to
the clinical resources they have as well as the degree of aca-
demic and administrative responsibilities within their trauma
system; a level 1 trauma center is at the pinnacle of this strati-
fication and will have the largest complement of clinical
resources and be able to treat all injuries definitively [5, 13].

All team members, including surgical specialists, perform
their investigations and interventions in accordance with
established principles and guidelines. The TTL is the “captain.”

The TTL’s purpose is to coordinate the activities of all trauma
team members and to ensure that each phase of care is per-
formed thoroughly and rapidly, from the resuscitative phase
to the imaging or operative/intervention phase and finally to
the transfer of care to the ward, operating room, or intensive
care unit. Teamwork is important and extends throughout all
aspects of care.

Team Members and Roles

As discussed previously, the composition of the trauma team
is variable. Table 8.1 lists typical members of the trauma
team. Depending on the level of TTA, members may be
added or subtracted according to institutional guidelines.
There really is no right or wrong formula; the trauma team
composition should be based on specialties and personnel
available as well as resources.

Trauma Team Leader (TTL)

The trauma team leader is an experienced physician or sur-
geon that is the “captain” of the trauma team [5]. The train-
ing background of the TTL varies by center, but the TTL is
often a trauma surgeon or emergency physician. The leader
provides expert management of the trauma patient during the
resuscitative phase of their care. This includes preparing the
team prior to the patient’s arrival (prehospital background
such as number of individuals involved, mechanism of
trauma, severity of trauma and/or injuries), managing the
patient in the trauma bay, caring for the patient during trans-
port and during diagnostic imaging, and providing care until

Table 8.1 Trauma team composition in a major trauma center

Specialty area Typical component members

Trauma team leader Qualified attending physician or surgeon
Trauma surgery

General surgery

Attending trauma surgeon
Junior and senior resident

Orthopedic surgery Junior +/- senior resident

Neurosurgery Resident

Emergency medicine Attending +/— resident

Anesthesiology Resident

Radiology Radiology technician
Radiology resident

Laboratory Laboratory technician

Nursing Circulating nurses [2]
Recording/documenting nurse [1]

Respiratory therapy Respiratory therapist

Allied healthcare Social worker/chaplain

professionals Trauma coordinator

Trauma NP/PA

NP nurse practitioner, PA physician assistant
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a satisfactory handover has occurred to appropriately skilled
personnel, who will continue managing ongoing care
requirements. The TTL must have the experience and medi-
cal expertise to guide the trauma patient through these phases
of care as well as exhibit the ability to work within a team
framework and be able to assume its leadership [32]. The
TTL must have exceptional skills as a communicator, man-
ager, and collaborator to effectively lead the trauma team.
A strictly professional demeanor is essential to maintain the
team’s focus. The TTL generally stands at the foot of the
patient’s bed, away from direct patient contact, and is thus
able to oversee and direct all the activity of the other team
members. As highlighted in Chap. 5, this global focus mini-
mizes the likelihood of committing a fixation error (persis-
tent failure to revise a diagnosis or plan in the face of readily
available evidence that suggests that a revision is necessary)
[33]. The TTL is responsible for directly communicating
with the team members, the operating room, the radiology
department members, and critical care unit staff. She/he will
decide which diagnostic and therapeutic interventions need
to be performed and in what order. The TTL is also respon-
sible for ensuring that the major findings, summary of inju-
ries, and treatment plan are documented in the medical
record and also communicated to the remainder of the trauma
team. In the event that a patient is accompanied by the police
or presents with a stab or gunshot wound, the TTL is respon-
sible for interacting with any officer and ensuring compli-
ance with any jurisdictional requirements to notify the police
in the setting of such wounds, as well as protecting the safety
of trauma team members [34, 35].

Anesthesiology

The anesthesia representation on the trauma team may con-
sist of a resident. Alternatively, this role may be filled by an
emergency medicine attending or senior resident. This per-
son should be positioned at the head of the bed and will be
delegated with managing most “airway” issues with the
respiratory therapist. The physician will perform endotra-
cheal intubation. One exception to the listed responsibilities
for anesthesia may be the “difficult airway” that requires
cricothyroidotomy. In many trauma centers, the general sur-
gery team member is responsible for performing surgical
airways. In conjunction with the general surgery team, the
anesthesia delegate may also be asked to help with manag-
ing “circulatory issues.” Particularly, they may be asked to
place central venous catheters, transfuse blood products
(along with nursing team members), and place arterial lines.
Also, as part of the adjuncts to the primary survey of ATLS,
anesthesia team members may be asked to place orogastric
or nasogastric tubes.

Emergency Medicine Physician

Depending on the hospital and even country, the emergency
medicine physician may be the linchpin of the trauma team.
Given that they are almost always the first physician present
and have a broad spectrum of skills, they often play the TTL
role but can effectively substitute for many other team mem-
bers. Airway management, fluid resuscitation, performing
FAST, and even some emergency surgical procedures such
as cricothyroidotomy and thoracotomy fall within the scope
of a skilled emergency medicine physician. The role they fill
as part of the trauma team is therefore variable and often
dependent on local medical culture. Some countries involve
critical care physicians to fulfill this role.

Respiratory Therapy

The respiratory therapist works with anesthesiologist to
assist in assessment and management of the airway. They are
specifically responsible for setting up equipment including
airway devices and adjuncts, ventilators, arterial lines, end-
tidal CO, monitoring, and drawing and running arterial blood
gases. This role will be discussed further in Chap. 9.

General Surgery

The general surgery representation on the trauma team typi-
cally consists of a junior resident, senior resident, and/or
staff surgeon. In many institutions, the TTL may also be a
general surgeon. If multiple residents are present, they should
be each positioned at the patient’s sides. Using the ATLS
paradigm, the general surgery team members are usually
asked to manage “breathing” and “circulation” issues in the
primary survey of trauma patients. The general surgery team
is usually responsible for placing chest tubes to relieve
hemo-/pneumothoraces. For “circulation,” the general sur-
gery team usually participates in the resuscitation of patients
in hemorrhagic shock, along with anesthesia and nursing. As
part of the resuscitative efforts, the general surgery team is
usually responsible for placing central venous catheters
(subclavian/femoral). More importantly, the TTL usually
delegates the responsibility of localizing and definitively
stopping major sources of hemorrhage to the general surgery
team; performing the FAST (focused assessment with sonog-
raphy in trauma) exam is an important part of the general
surgery exam for major sources of hemorrhage. When FAST
is unavailable or nondiagnostic, diagnostic peritoneal lavage
(DPL) may be performed by general surgery in the unstable
patient. Major sources of hemorrhage include the thorax,
abdomen, retroperitoneum (including the pelvis), extremity,
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and external sites of bleeding. General surgery, therefore —in
collaboration with the TTL —determines whether or not the
patient needs to go to the OR for a laparotomy, thoracotomy,
or neck exploration, to angiography for embolization, or
remain in the trauma bay for a resuscitative thoracotomy. In
addition, general surgery is responsible for reviewing any
CT imaging of the torso, abdomen, and soft tissues of the
limbs (including blood vessels) and neck with radiology. As
well, general surgery is responsible for performing the digi-
tal rectal exam of the patient during the logroll procedure.

Orthopedic Surgery

The orthopedic surgery representation on the trauma team
may consist of a junior resident, but often, a senior resident
may be required especially for the placement of advanced
skeletal traction. They should be positioned at the patient’s
pelvis, will be delegated specific roles in the assessment and
management of “circulatory issues,” and have prime respon-
sibility for “disability” issues in the injured patient. For “cir-
culation,” orthopedics usually will be asked to identify and
bind unstable pelvic fractures and identify and splint grossly
angulated extremity fractures. For “disability and exposure,”
the orthopedic team will specifically examine all extremities,
the pelvis and spine. The orthopedic team will be responsible
for performing a detailed secondary survey of the musculo-
skeletal system and will review all extremity imaging and
spine imaging. In the event of an injury to the spine, either
orthopedics or neurosurgery is generally responsible for
managing this injury.

Neurosurgery

The neurosurgery representation on the trauma team typi-
cally consists of a resident. She/he is responsible for the “dis-
ability” component of ATLS, including assessment of the
spine on logroll when appropriate. They may make recom-
mendations to the TTL regarding the management of any
increased intracranial pressure. They are responsible for
immediate interpretation of the CT of the head/CT angio-
gram and discussion with their attending surgeon regarding
any operative management or ventricular drainage. Traumatic
brain injury is a major cause of death in multiply injured
patients, and early neurosurgical evaluation is essential [26].

Circulating Nurses
The role of these nurses includes placing appropriate moni-

toring on the patient, inserting peripheral intravenous cathe-
ters, obtaining blood samples for the laboratory, assistance in

patient manipulation including logrolling, and being the
non-sterile assistant to a member of the team who is per-
forming an invasive procedure such as chest tube or central
line insertion. They are also responsible for administrating
any medications or vaccinations. Nursing roles will be fur-
ther outlined in Chap. 9.

Recording Nurses

The role of the recording/documenting nurse is just that: to
document, on an appropriate trauma medical record, the
important findings of the trauma team in their assessment of
the patient. This includes recording vital signs, assessments,
and nature and type of procedures performed. This nurse is
typically situated at the foot of the bed, in proximity to the
TTL, so as to gain a view of the vital signs monitors and be
able to hear the trauma team’s assessment as it is relayed to
the TTL. She/he often works in conjunction with the TTL to
facilitate team communication, especially with services/
resources not directly present in the trauma bay. As men-
tioned previously, nursing roles will be further discussed in
Chap. 9.

Trauma Team Activation

The trauma team is called into action with a trauma team
activation (TTA). The TTA may be in response to prehospital
information or information obtained when the patient first
arrives to the ED. The value of having a trauma team ready
and awaiting the arrival of a severely injured patient cannot
be understated, as it allows for appropriate preparation of the
room and equipment, introduction and organization of the
team, and preparation based on the anticipated injuries of the
patient from any prehospital information.

A TTA may occur in a tiered fashion or have graded
“levels” of response [36]. For example, a patient with pre-
hospital information that suggests a serious likelihood of
requiring operative intervention would garner the highest
level response. Patients with penetrating torso trauma or
multisystem trauma with hypotension are typically included
in this category. For these patients, in addition to the stan-
dard trauma team, the trauma surgeon, operating theater,
blood bank, and intensive care unit may also be notified.
For other patients that have evidence of multisystem trauma
but are hemodynamically normal, a lesser activation com-
prising the TTL and the core trauma team members may
occur at the discretion of the charge nurse or emergency
physician.

Each institution will have its own method for TTA, which
may include dedicated pagers, overhead pages, or even
“walkie-talkies” for immediate notification. Notification
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Table 8.2 American College of Surgeons Committee on Trauma
minimum criteria for full trauma team activation [38] (Used with per-
mission from the American College of Surgeons)

¢ Confirmed blood pressure less than 90 mmHg at any time in
adults and age-specific hypotension in children

¢ Gunshot wounds to the neck, chest, or abdomen or extremities
proximal to the elbow/knee

¢ Glasgow Coma Scale score less than 9 with mechanism
attributed to trauma

¢ Transfer patients from other hospitals receiving blood to maintain
vital signs

¢ Intubated patients transferred from the scene, OR

¢ Patients who have respiratory compromise or are in need of an
emergent airway

— Includes intubated patients who are transferred from another
facility with ongoing respiratory compromise (does not
include patients intubated at another facility who are now
stable from a respiratory standpoint)

¢ Emergency physician’s discretion

may either alert the trauma team member to proceed
immediately to the trauma bay or provide an update on an
anticipated trauma with an estimated time of arrival. The
developing field of prehospital telemedicine and teleradiol-
ogy may, in the future, facilitate the transmission of impor-
tant diagnostic information to the awaiting hospital trauma
team so that they may better prepare for the patient’s specific
injuries [37].

The criteria for a graded activation must be clearly
defined by the trauma center and continuously evaluated by
the performance improvement and patient safety program
[5]. Inevitably, over-triage (triage decision that classifies a
patient as requiring TTA when, in fact, they do not) and
under-triage (triage decision that classifies a patient as not
requiring TTA when, in fact, they do) will occur, but a
trauma system should establish and monitor acceptable
rates for these. Obviously, under-triage carries a greater
threat to patient care than over-triage. Suggested rates for
TTA are >95 % of patients with an ISS > 16, and in <30 %
of patients with an ISS <9 [28]. The ACS/COT suggested
TTA criteria that are listed in Table 8.2 [38].

The Trauma Bay

The trauma bay, or resuscitation area of the emergency
department, is where major trauma patients should be
received and is the primary location where trauma patients
are treated. The ideal trauma bay has the following charac-
teristics: easily accessible to EMS personnel, well lit (with
OR quality overhead lights), spacious enough to accommo-
date the trauma team and necessary equipment, have the

ability to perform plain film radiography, be close to a CT
scanner, and be in reasonable proximity to the operating
rooms and intensive care unit. Many trauma centers have a
dedicated area in, or adjacent to, their emergency department
with the ability to care for two or more severely injured
patients simultaneously. A typical arrangement of a trauma
bay is depicted in Fig. 8.1. It is important that all potentially
required equipment be located within the trauma bay to
avoid unnecessary delays. Equipment should also be
grouped together by the requirements for performing each
procedure. For example, a “chest tube package” may include
a sterile cutdown tray containing appropriate instruments,
with a suture, scalpel, chest tube, sterile gown, and gloves
taped on top of it, already sitting on its own movable table
with a chest tube drain and antiseptic solution on the lower
shelf. Similar packages should exist for central venous cath-
eters, thoracotomy sets, surgical airways, and arterial cath-
eters. These packages should also be ergonomically placed
in the trauma bay, i.e., the chest tube packages should be
placed on either side of the patient’s stretcher. A comple-
ment of airway management devices must be immediately
accessible at the head of the bed; many centers have a stan-
dardized “difficult airway cart” placed within the trauma
bay. An adequate supply of individual lead-lined protective
garments must also be available. Ideally, these are donned as
well as personal protective equipment (gown, gloves, full-
face mask) by all members of the trauma team as they arrive
into the trauma bay, so that trauma patient care is not inter-
rupted when X-rays are performed. An in-depth discussion
of the trauma bay environment and its design can be found
in Chap. 10.

Trauma Team Function

Above all else, the trauma team must function as a team.
During the resuscitation of a severely injured trauma
patient, a large amount of information is rapidly gathered
about the patient’s injuries and physiologic condition, and
management decisions are similarly rapidly made based
on this information, often in a near-simultaneous fashion.
The presence of a team allows multiple actions to be
accomplished at once compared with a serial or vertical
approach required when only one physician is available to
treat such a patient. This departure from primary care
emergency care provision in a small hospital is important
to note.

To function properly as a team, the team needs clear lead-
ership. All information must be passed to the TTL and all
decisions must be made by the TTL; otherwise, the team
function becomes chaotic. For example, if only one nurse is
available and both the anesthesia resident and the orthopedic
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Fig.8.1 Trauma team positioning in the trauma bay. DI diagnostic imaging technician, 77L trauma team leader, NI and N2 circulating nurses, N3
recording nurse, RT respiratory therapist, EDT emergency department thoracotomy tray, MSK musculoskeletal, FAST point of care ultrasound

machine

residents are demanding nursing assistance for procedures
(arterial catheters versus splints), the requests should go
through the TTL, and the TTL must prioritize the order of
work and decisively delegate the nurse to one or the other
resident’s aid.

Table 8.3 lists typical actions taken in the care of a trauma
patient who receives a TTA, as well as the possible interven-
tions that may take place. When deconstructed into individ-
ual tasks, one can see how arduous it would be to accomplish
these all by a lone physician! However, when performed in
parallel, with appropriate sharing of diagnostic and clinical
information with the other team members and in particular
the TTL, patients should spend <60 min in the trauma bay
and even faster in the setting of bleeding requiring operative
or angiographic intervention or a head injury requiring an
urgent CT of the brain. Ideal destinations after leaving the

trauma bay are the OR, the angiography suite, the ICU, or
the trauma ward. However, if their condition allows, many
patients may be required to return to the ED while awaiting
bed availability.

Conclusions

The optimal care of the severely injured trauma patient is
predicated on the seamless function of a multidisciplinary
trauma team under the effective leadership of an expert
trauma clinician. Team and venue preparation are key com-
ponents for success, and attention to the appropriate
training—including education, simulation, and quality
improvement processes—will allow a trauma team to excel
in its care for these patients.
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Table 8.3 Typical patient care action points during trauma resuscitation

Standard actions
Arrival in trauma bay
Receive handover from EMS

Maintenance of spinal precautions

Removal of clothing/exposure
Placement of monitors
Check patient’s temperature

Achieve adequate intravenous
access

Draw trauma bloodwork and send
to the lab

Assess airway
Assess breathing

Assess circulation

Chest radiography
Perform FAST
Check pelvis for stability

Check long bones for stability/
deformity/bleeding

Assess for external bleeding

Assess disability

Logroll patient, examine spine,
perform DRE

Obtain chest and pelvic X-ray

Administer tetanus prophylaxis as

appropriate

Administer antibiotics as
appropriate

Complete secondary survey

Arrange for any necessary CT
scans/radiology

Complete trauma medical record

Handover care to appropriate
service

Possible actions

Placement of IV, CVL, or IO

Secure airway

Administration of oxygen,
insertion of chest tubes
Resuscitate with crystalloid
and blood products

Identify and control sites of
massive bleeding

Chest tube and/or thoracotomy
Laparotomy

Pelvic binding

Splinting, washout of open
wounds

Tourniquet application

Apply pressure/close wounds/
tourniquet

Obtain MSK X-rays as
needed; suture/repair wounds
as needed; place Foley catheter
and NG tube

EMS emergency medical services, CVL central venous line, /0 intraos-
seous, FAST focused assessment with sonography in trauma, DRE digi-
tal rectal exam, MSK musculoskeletal, NG nasogastric

Key Points

e Treatment of a severely injured trauma patient is a

Complex process.

e Optimal resuscitation is best accomplished with a

multidisciplinary team.

e Team function is dependent on technical as well as

nontechnical skills.

* To optimize team function, it must be practiced.
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Interprofessional Trauma Team Roles

Elaine Sigalet and Mirette Dubé

Introduction

As highlighted in previous chapters, optimizing the manage-
ment and outcomes of trauma patients requires effective and
efficient interprofessional team performance [1, 2]. In addi-
tion to having strong inclusive leadership, it is important to
identify both the task work and interdependence of task work
associated with medicine, nursing, and respiratory therapy
team members [3]. Increasingly, healthcare professionals
(especially those in educator roles) are recognizing the value
of interprofessional (IP) training. IP education was devel-
oped to emphasize the relationship between the knowledge,
skills, and attitudes required for individual task work and
effective interaction between team members to optimize
patient outcomes [4]. Educational modalities such as simula-
tion allow us to learn with, from, and about each other’s roles
and also about the skills and knowledge needed to work
effectively and efficiently together to optimize patient care.
Although this seems straightforward, the task of engaging
teamwork concepts, inclusive of leadership roles and respon-
sibilities, communication, situation awareness, and resource
utilization in an interprofessional context is complex [5].
Regardless of profession or discipline, each team member
brings knowledge, skills, and attitudes, which are influenced
by the immediate context. It can be helpful to view these fac-
tors using the paradigm that llerus calls the “tension triangle”
[6, 7] (Fig. 9.1). The tension triangle represents how each
team member experiences the situation, and that in turn
influences learning. As human beings, we structure and store
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knowledge from curricula and our experiences in schemas to
facilitate the retrieval of knowledge as needed [8]. Emotions
and stress can impede an individual’s ability to retrieve
knowledge in the moment, and this can potentially nega-
tively impact team performance. In the care of trauma
patients, the emotional response of caregivers is influenced
by the patient’s emergent needs and the interaction of team
members. In order to optimize team performance, one must
create a context conducive to knowledge retrieval, behaviors
that support team members in their role so that their emotion
does not impede their ability to optimize task work and inter-
act effectively with other team members. This can be critical
to the success of the team.

The complexity of a team’s mind-set is further exacerbated
when the membership of the trauma team changes and/or the
patient condition changes [9]. The concepts of crew/crisis
resource management (CRM) were developed to guide the
composition of teams and to define team roles and necessary
task work; this provides a framework that supports emotional
stability so that information and resources remain accessible
despite changes within the team which may occur [5]. Support
for these concepts and IP trauma team training is validated by
the many reports on the relationship between team member
interaction and adverse events; breakdowns in communication
process have been identified as contributory to most adverse
events in patient care [10-12]. To add clarity to IP trauma
team training, it is important to (a) identify team membership,
(b) establish specific roles, and (c) recognize the interdepen-
dence of team roles in a context of CRM concepts.

Leadership

Leadership, roles, and responsibilities, as articulated in
CRM, provide a framework for trauma team membership. As
discussed in the previous chapter, in many emergency depart-
ment trauma centers, the most basic of trauma teams consist
of a leader, three nursing team roles, and often a respiratory
therapist. Although this configuration of roles may be
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Fig.9.1 The tension triangle

somewhat different in different states and countries, consis-
tent membership includes a leader and nursing or other
healthcare professionals dedicated to the airway, procedures,
and medications. Leadership takes many different
approaches. Many trauma team leaders were taught to use an
authoritarian approach, and this culture pervades even today.
However as education changes, so does the culture within
health care; trauma team leaders today are more aware of the
need for creating an inclusive context that not only supports
all team members, but enhances engagement by providing
autonomy within the group [13]. There is a great deal of evi-
dence which supports this leadership style dating to the early
1940s. Kurt Lewin, a German/American psychologist, found
that school children did the highest quality work under a
democratic leader, but produced the greatest volume of work
under an authoritarian leader [14]. Children were least pro-
ductive under “laissez-faire” leadership. Please see Chap. 3
for a further discussion of leadership styles.

After studying levels of psychological safety, i.e., how
group members think they are viewed by others on the team
in health professionals in 26 NICUs in the United States,
Nembhard and Edmondson reported a relationship between
professional designation and level of psychological safety
with physicians being the most safe, followed by nurses and
then respiratory therapists [15]. They coined the term “leader
inclusiveness” to illustrate important behaviors in creating
psychological safety among team members. Verbalizing
acceptability of team member questions and concerns and
actively seeking team member thoughts on treatment deci-
sion was viewed as important in establishing leader inclu-
siveness; in this environment of safety, team members are
more willing to speak up when they have information or a
concern to share, thereby limiting the possibility of adverse
events from occurring. There is preliminary evidence
from simulation training showing a relationship between
the effectiveness of established trauma teams and the

willingness of team members to speak up [16]. Trauma team
members thrive in an environment where the leader verbal-
izes value for team member input; this is especially true in
challenging circumstances.

Nursing Roles

Nursing roles in the trauma team are typically designated by
task work: documentation, medication administration, and
procedures. Documenters usually position themselves at the
foot of the bed where they can retain a visual of the entire
context of all team members performing task work and the
patient. In most trauma teams the most experienced nurse
takes on this role due to its complexity explaining why in
some centres this role is referred to as the “Trauma Nurse
Leader”. This nurse is responsible for obtaining a history and
then recording in real time the primary and secondary survey
assessment, including changes in patient condition, and docu-
menting team member interventions. Many trauma team
leaders position themselves right next to the documenter to
maintain situational awareness. The interdependence between
the leadership and documenter allows for clarification on
patient condition, completed or not completed interventions,
and this supports effective anticipation and planning.

It is very important for the documenter to record the find-
ings verbalized by the leader of the primary and secondary
assessment in real time. Unfortunately, due to the intricacy
and sometimes the amount of detail required by the trauma
record, the documenter focuses on working through the
record from initial arrival details, and this can impede the
ability to capture the primary and secondary survey in real
time. These initial descriptive data points must be recorded
quickly or updated after capturing essential assessment data.
Repetition of work is distracting and may disrupt the team’s
attention as it moves through the expected sequence of
primary survey, interventions, and then secondary survey.
Additionally, the documenter assumes responsibility for
ensuring closed loop communication. The leader orders a
team member to complete a task, and the team members
acknowledge the order, complete the task, and in an audible
voice communicate the completion of the task to both the
documenter and leader. When these loops are not closed, it is
the responsibility of the documenter to ascertain whether or
not the task was completed and inform the leader.

The documenter is also the timekeeper and as a result is
responsible for informing the leader and team when time
lapse is important in determining further intervention. An
example of this is the administration of epinephrine in a
resuscitation context. The leader has asked the medication
nurse to administer 1 mg of 1:10,000 epinephrine intrave-
nous push every 3 min until the return of spontaneous
circulation. The documenter having recorded the time of the
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last dose would communicate the time lapse and need to
repeat the dose after 3 min, if the context still requires that
intervention. When patients have emergent needs, team
members act in their role simultaneously to improve effi-
ciency and effectiveness of management. The leader often
gives the team many different orders, but this type of
approach can cause confusion and increased risk for com-
munication breakdown and adverse events to the patient. To
alleviate the risk, leaders are encouraged by the documenter
to write down the necessary interventions prioritizing behav-
iors dictated by patient condition. The documenter can then
assume responsibility for sharing this priority list of inter-
ventions so that team members do not get overloaded in the
demands of their role. Experienced team members can help
less experienced team members stay on track if they deviate
from the care sequence. So too can the team’s collective
experience be tapped to help solve unexpected changes in the
patient’s condition. Having the most experienced nurse act as
a documenter maximizes the stability of the nursing team’s
emotional tension. Team members draw on the documenter
or leader for clarification of orders, available resources, and
reaffirmation of behaviors to optimize task work. The docu-
menter, having had more experience in emergent situations,
is usually very aware of the cognitive aids available, the
resources, and how to access resources in a timely fashion.

The procedure nurse usually assumes a position on the
opposite side of the bed to the medication nurse to support
simultaneous task work without crowding other team mem-
bers. The procedure nurse is responsible for putting the patient
on the cardiac monitor, initial assessment of vital signs inclu-
sive of temperature and glucose, and any other procedures
ordered by the leader. Other procedures frequently include
further intravenous (IV) access (two large-bore IVs), crystal-
loid or blood administration, procurement of trauma labs, and
the insertion of a Foley catheter and nasal or oral gastric tube
post-intubation. If the situation requires the use of the rapid
pressure infuser, which delivers about 300 ml/min of resusci-
tation fluids, a fourth nurse may be needed to support the
team. The pressure infuser requires the full attention of one
nurse to operate and monitor rapid fluid administration
safely. The procedure nurse is expected to acknowledge all
orders, clarify if necessary, and verbalize clearly the com-
pletion of a task as required by all team members.

The third nursing role typically assumed on a trauma
team is a medication nurse. Trauma patients are frequently
in need of medication support for their emergent needs.
Examples include rapid sequence intubation medications,
inotrope or vasopressors for hemodynamic support (in spe-
cial trauma circumstances), volume expanders, antibiotics,
tetanus, and resuscitation drugs. This can be a very busy role
and is often supported by the procedure nurse if procedure
task work is completed or deemed not a priority when
compared to medications. The documenter can also support

this role as far as checking medication dosages, blood prod-
ucts, and accessing resources. Again it is critical to situation
awareness that the medication nurse closes the loop on all
medications, including type, dosage, and route, in a manner
audible by the entire team. Although all roles require focus,
which can impede maintenance of situation awareness, this
is more profound in this particular role. This role takes the
nurse away from the immediate bedside to the medication
cart and pharmacy resources. With their back to the patient,
it is critical that the nurse in this role reaffirms the need for
the medication before delivering as the context may have
changed and the nurse may not be aware of the changes.
This adds one extra step to closing the loop. After acknowl-
edging the order and preparing the medication, the nurse
should announce the intention to deliver the medication and
await affirmation that it is still needed to deliver it, again
verbalizing completion of the order once the medication is
delivered (Fig. 9.2).

Respiratory Therapist Roles

The specific role and presence of the respiratory therapist
(RT) varies internationally and even from center to center in
some countries. Although there is a paucity of research
examining the RT role in trauma management, Steinmen and
colleagues report a benefit for early trauma care after a short
in situ simulation-based trauma curriculum [1]. In addition,
there are several studies that suggest a benefit for using
respiratory therapy-driven protocols to improve outcomes
[17-19]. This section will describe the roles and responsi-
bilities of a respiratory therapist on a trauma team. It is
acknowledged that internationally there is variation in who
assumes this role; responsibilities described may be carried
out by another experienced team member dedicated to air-
way and breathing. An emergency physician, anesthesiolo-
gist, or critical care physician in centers in Europe or the
United States may often assume this role.

In Canada, respiratory therapists (RT) are integral mem-
bers of the emergency department trauma team. Membership
on the trauma team usually includes one RT and often two.
Task work within the trauma team focuses on anticipation
and planning for the admission, dynamic evaluation of respi-
ratory status and pulmonary mechanics, emergent interven-
tions, arterial blood gas procurement, and assessment. The
coordination of specific task work is reliant on effective task
interdependence between both nursing and medical team
members. Furthermore it is important to recognize that
although these team members are assigned to the emergency
department, they may be required to support other hospital
areas as dictated by the demand for respiratory-focused
task work. Within the emergency department, they may be
required to manage multiple trauma patients requiring
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physical relocation from one trauma team to the next.
Additionally, they are often responsible for medical patients
in the emergency department with respiratory issues, includ-
ing ventilated patients. This necessitates special attention to
maintaining ongoing situational awareness. It is the respon-
sibility of each RT to regain situational awareness when they
are required to relocate between trauma teams.

Respiratory therapists are experts at anticipating and
planning for emergency situations and as such are invalu-
able members of the trauma team. Frequently, the RT is the
first one at the bedside of a patient with impending respira-
tory failure requiring emergent intervention. They must
relay urgency when calling for help, assess possible risks,
and prepare and often initiate lifesaving interventions inde-
pendently. Although RTs are experts in preparing and
engaging various technical machines and equipment (nonin-
vasive machines, ventilators, arterial lines, capnography,
difficult airway adjuncts, and level 1 infusers at some sites),
their real strength lies in their ability to effectively assess the
patient’s clinical respiratory status and apply and evaluate
these therapies dynamically while working within a team
setting. This role is critical to trauma team successes in opti-
mizing patient outcomes.

During trauma patient admissions, the primary RT stands
near the head of the bed where they are able to assist the
physician in completing the initial primary respiratory
assessment. Working closely with trauma team physicians,
they are responsible for supporting the rapid assessment of
the patient’s airway and breathing and identifying and

Report

rf
Resionn Completion

Confirm Need

communicating any emergent patient care needs such as
airway obstruction (for example a blocked endotracheal tube),
the need for airway medications, intubation, and ventilation.
It is important that the information gathered on assessment is
communicated to all other team members especially the
trauma team leader and documenter. In addition it is impor-
tant to ensure communication loops are closed; the informa-
tion is heard, and a plan of action is determined and engaged.
With intubation, The RT supports the role of the person per-
forming the intubation (RTs perform intubations in some
centers) and is responsible for confirmation of the endotra-
cheal tube placement (ETT) and maintenance of airway
patency. As such the RT is often the first to discover a dis-
lodged ETT, or other airway emergency, alerting other team
members to coordinate rapid airway management to prevent
patient deterioration.

In the RT role it is important to verbalize concerns in real
time. Concise but clear statements such as “I need the lead-
er’s attention right now..., or I am very concerned....” are
important to alerting other team members to the change in
patient condition. From this perspective the RT should clar-
ify intubation plans with attention to plan B and possible
plan C in times when plan A is not successful. Sharing and
verbalizing these mental models are critical to bringing the
team goals together and being prepared for emergency situa-
tions during intubation.

When a trauma team has the luxury of having two RTs,
the primary RT supports active airway management, while
the second RT observes the patient monitor alerting team
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members to changes or abnormalities with the patient’s
physiological status during the intubation. In some centers,
the primary RT is responsible for intubation, while the sec-
ond RT supports active airway management. The important
distinction between roles is that the RT in the secondary role
is responsible for maintaining situation awareness for team
members during the intubation procedure. Timing the intu-
bation and recording number of attempts and patient vitals
are critical information. The team member who is intubating
the patient needs to know when they need to reoxygenate
the patient before further attempts during difficult intuba-
tions. Fixation errors (over focus on one task to the detri-
ment of patient condition) can and do occur with tasks such
as intubation. In recognizing this, many centers have created
policies to enable any and all team members to call for
expert or additional help should a fixation error occur, as the
patient is at risk.

During times when the patient requires mechanical venti-
lation, the RT is responsible for initiating, maintaining, inter-
preting pulmonary mechanics and ventilator waveforms,
evaluating the need for advanced modes of ventilation, and
sometimes even weaning the patient from the ventilator
while still in the emergency department. The interpretation
of the pulmonary mechanics is vital to ensuring appropriate
ventilation parameters are applied. For example, a high pla-
teau pressure (Pplat) measurement may be interpreted differ-
ently based on the clinical findings and history. The RT may
need to lower target tidal volume settings to reduce the
chance of worsening volutrauma in a patient with high Pplat,
compared to a patient they believe has normal lungs and a
falsely high Pplat due to transmitted pressures from the
abdomen or chest wall. The RT procures and analyzes arte-
rial blood gasses to guide their ventilation parameters and
strategies and also brings any physiological abnormalities to
the attention of the TTL. In addition, the RT is often respon-
sible for pharmacological assessment and administration of
airway medications such as bronchodilators.

Interdependence of Task Work

Having an integrated approach to care and skill sets supports
higher functioning and efficient teams and practitioners per-
forming to their fullest scope and abilities. For example, in
some centers, both RT and RNs are trained in performing
ABGs and IV lines. Should one person be occupied with
another task, other members can help.

In trauma management much of the task work is com-
pleted simultaneously; on initial patient assessment, the team
must work together to transfer the patient from the incoming
transport stretcher while maintaining spinal precautions. The
nursing attendant assigned to the trauma team cuts the
patient’s clothes off to expose the patient for primary and

secondary assessment while avoiding hypothermia. The
primary assessment is conducted, often by a separate physi-
cian assisting the leader, while respiratory therapists and
nurses are performing concomitant tasks. Respiratory thera-
pists are responsible for having airway equipment ready and
transfer oxygen devices to the oxygen delivery system in the
ED, making the necessary interventions to optimize airway
and breathing. While the patient is being exposed and the
primary survey is being conducted, the procedure nurses
place the patient on the cardiac monitor with assistance from
the respiratory therapist and then place two large-bore intra-
venous, if not already done en route. Blood for Hgb and
crossmatch is taken directly from the IV site or femoral can-
nulation to access a large vein or artery for blood sampling
inclusive of a venous or arterial blood gas. Rapid infusion of
fluids is initiated or sustained, with consideration given to
the need for the massive transfusion protocol. The medica-
tion nurse anticipating the need for a more definitive airway
if not established in the field will be preparing the rapid
sequence intubation drugs as per physician order.

Anytime there is a change in the patient condition, the
documenter or other team members should encourage the
leader to provide a situation summary of anticipated diagno-
sis, interventions completed, and anticipated interventions so
that there is collective communication and a shared mental
model can be established.

It is the responsibility of each team member to regain situ-
ational awareness if they lose it because they had to focus on
a task or had to physically leave the trauma. This is impor-
tant, as changes may have occurred in the patient’s condition
and also the plan of action. It is also the responsibility of
each team member to cross-monitor each other while being
attentive to behaviors that may indicate a team member is
overwhelmed in their role. An example of this is the situation
which evolves if the medication nurse is not able to access a
medication, which then delays administration and any subse-
quent interventions. This should be a flag for other team
members to assess the situation and either provide support or
ask the charge nurse for more support for that team member
role. It is very common for the performance of seemingly
routine tasks to be impaired if a team member is unsure of
themselves, they are feeling overwhelmed, or the patient’s
condition is critical. This then impacts on the performance of
the entire team. It becomes critical to the ongoing sustain-
ability of the team that these episodes of impaired perfor-
mance are recognized and dealt with in a constructive and
supportive fashion, including the use of debriefing sessions
led by experienced personnel. Debriefing should focus on
the provision of information to achieve best practice. In
many situations it is important to expose the thoughts that
drove the action to change behavior. Simulation is an effec-
tive learning modality for examining patterns of medical
management and the thoughts that drive the management.
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Deliberate practice with guided debriefing helps build
reflective practitioners who become aware of their individual
strengths and their contribution to the team, the strengths of
other team members, and the inherent challenges of working
in an interprofessional context with trauma patients [20].
Debriefing will be discussed further in Chap. 36.

Conclusions

Trauma team members are human and as such are fallible.
Healthcare professionals need to be educated about crisis
resource management, the strategies that support effective
team performance in emotionally provoking contexts, to opti-
mize both task work and task interdependence to achieve
optimal patient outcomes. There is no “I” in team, only a
“we,” and the team membership must have opportunities to
practice in risk-free environments to minimize the risks inher-
ent in trauma management. Simulation is one such initiative
and is important because it provides opportunities to practice
medical management and effective and efficient teamwork.

Key Points

o Effective teamwork requires inclusive leadership,
clearly identified roles, and effective task interde-
pendence between all team members.

e Optimizing team performance becomes reliant on
creating a context conducive to knowledge retrieval,
behaviors that support team members in their role so
that their emotion does not impede their ability to
optimize task work and effective team interactions.

* Nursing roles consist of a documenter, medication,
and procedure nurse.

e The role of the respiratory therapist includes
dynamic evaluation and interventions to support
cardiopulmonary status, interpretation of pulmo-
nary mechanics, ABG procurement and assessment,
and multiple interdependent tasks to support team
functioning.

e Simulation with guided debriefing provides an
environment of safety for deliberate interprofes-
sional team practice and the creation/development
of reflective practitioners.
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Introduction

The purpose of the trauma resuscitation area is to receive
and triage patients that present to the trauma center with
injuries of varying severity. The area is used to initiate
resuscitation and facilitate the correct disposition of these
patients. The trauma resuscitation area should be designed
to accommodate high patient turnover and allow a single
team to concurrently manage multiple patients. Its design
must take into consideration such factors as accessibility,
imaging needs, and procedural capability as well as
employee and patient safety. This chapter will discuss the
physical design of the ideal trauma resuscitation area and
trauma bay and the necessary equipment for successful
trauma resuscitation. The chapter will also review the
importance of direct patient triage from EMS to OR, as well
as the benefits of a hybrid trauma/OR suite for the optimal
care of the critically injured patient.

General Design of a Trauma
Resuscitation Area

Trauma accounts for over 42 million emergency department
visits and two million hospital admissions annually across the
USA [1]. It is essential that all trauma centers have an efficient
system in place in order to adequately receive and manage
critically injured patients [2, 3]. In order to accomplish this,
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trauma centers should have a designated trauma resuscitation
area, often housed within or in close proximity to the emer-
gency department (ED). The design of the trauma resuscita-
tion area should take into consideration the hospital’s annual
and average daily census and should be of sufficient size to
accommodate all admissions and interhospital transfers
requiring a higher level of care. In many centers, especially
those with lower trauma volumes, these rooms are utilized for
the resuscitation of all patients, including trauma, non-trauma,
surgical and medical, and this must also be taken into consid-
eration. The overall number of individual trauma bays within
the resuscitation area will also be influenced by factors such as
inpatient bed accessibility and available staffing and should be
capable of temporary expansion as part of the hospital’s surge
capacity plan in case of a disaster.

The Los Angeles County+University of Southern
California (LAC+USC) Medical Center is among the busi-
est level I trauma centers in the USA. Located east of down-
town Los Angeles, LAC+USC is a 650-bed hospital that
admits over 6,000 trauma patients annually. At LAC+USC,
the multi-use resuscitation area is situated within the emer-
gency department and consists of individual rooms each
capable of physiologic monitoring and a wide range of inva-
sive procedures including thoracotomies and laparotomies.
Other functional areas include a decontamination area, the
triage/waiting area, and staff workstations. In addition, a
pharmacy, clean and dirty utility rooms, and an adjoining
radiology suite are all considered part of the resuscitation
area. Each of these components and their spatial arrange-
ment within the Resuscitation area are discussed separately
within this chapter.

Access to the Resuscitation Area
The resuscitation area should be located on the ground floor
for easy access. The layout of the resuscitation area should

allow easy access for ground EMS crews and direct access
from the helicopter-landing pad for efficient patient inflow.
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An elevator for direct transportation to and from a helicopter
pad is critical for patients arriving via rotary wing transport.
For patient outflow, there should be access to the radiology
suite, operating room, and the intensive care unit. The routes
should minimize distance and travel through non-patient
care areas where there is public access protecting patient pri-
vacy and promoting public safety. All elevators in the path-
way should be large enough to accommodate the team,
patient, and ventilator and be card-access-controlled to mini-
mize any delay. The access area must be well lit, and pro-
tected parking areas for consultants as well as EMS and law
enforcement should be available. Appropriate physical barri-
ers should designate “drop-off” zones for ambulances and
other transport vehicles. The entire access area should be
secured and large enough to be used as an external decon-
tamination and triage area in case of a disaster.

Immediate access to CT scanning improves efficiency,
and a system for the electronic display of images (i.e., pic-
ture archiving communications system or PACS) should be
accessible from the trauma bays and the administrative areas
[4]. The CT scanner should be located adjacent to or within
the resuscitation area. A radiology technician must be noti-
fied of the patient’s imminent arrival and be readily available
during the initial evaluation and management of the patient.
Rapid access to the intensive care unit and a designated
trauma operating room is important for minimizing transfer
times of critically ill patients.

Entry to the pharmacy/medication room should be
clearly marked and secure. The area should be accessible to
all clinical areas and have sufficient space to accommodate
a pharmacy preparation area. Warmed fluids should be
housed centrally. For higher-volume centers, a satellite
blood refrigerator containing O~ or O* blood and thawed
group AB or low titer group A plasma should be consid-
ered. This refrigerator should be located in close proximity
to the resuscitation area. In an emergent situation, when the
patient’s blood type is not known or compatibility testing
has not been completed, these emergency release products
can be used.

There should be a room for the storage of equipment
and disposable medical supplies that are not currently
being used. There should also be a clean utility room of
sufficient size for the storage of clean and sterile supplies,
and this should have adequate workspace for the prepara-
tion of procedure trays and equipment. Access to a dirty
utility or disposal room should be available from all clini-
cal areas. The physical design of the resuscitation area
should allow for rapid access to additional equipment if
needed. There must be an emergency power supply for the
entire resuscitation area, and a backup system for lighting
should be immediately available in the event of a total
power failure.

Patient Flow and Disposition

All patient flow upon entry should be directed toward the
reception/triage area from which the ambulance entrance
should be clearly visible [5]. From here, critically ill patients
can then be directed to the resuscitation area. At LAC+USC,
once the initial assessment and all necessary imaging is com-
pleted, the patient is transported via elevator to one of several
different locations depending on their injury: the patient
ward, ICU, observation unit, or the operating room. The ini-
tial resuscitation should be performed as rapidly as possible.
Once the primary survey has been completed and all imme-
diately life-threatening injuries have been addressed, patients
requiring surgery should be transferred immediately to the
operating room or to definitive care without further delay.

It is important to have a designated transport protocol in
place for moving the patient rapidly and safely to these areas
[2]. The protocol must ensure that the benefits of the trans-
port outweigh the potential risks and that the same standards
of care employed in the trauma bay are also in place during
transport. Prior to intrahospital transport, all life-threatening
injuries must be addressed, and the patient must be deemed
stable enough to withstand transport. A checklist for ensur-
ing that all safety and monitoring issues have been addressed
should be considered. There must be an adequate oxygen
supply for the duration of the transport as well as a self-
inflating bag with PEEP valve, facemask, and oral airway. It
is essential that the patient be connected to a portable moni-
tor at all times, with pulse oximetry, blood pressure, and
electrocardiography capabilities. Transport equipment
should also include basic intubation equipment, resuscitation
medications, and IV fluids. A fully equipped trauma team,
including a physician, trauma nurse, and respiratory thera-
pist, must accompany the patient to their next destination and
be prepared to administer further resuscitation or transport
the patient back to the trauma bay or to the OR immediately
if necessary.

Surge Capacity

The physical plan of the trauma resuscitation area should
allow for temporary expansion in the setting of mass casualty
events [2]. In the setting of a major disaster, other patient
assessment areas within the emergency department should
have the capacity to be converted into functional trauma bays
and the potential to serve as postanesthesia care units if nec-
essary. In the event that patient assessment areas within the
ED cannot be used, waiting rooms, parking areas, and other
access areas can be set up outside to receive and triage these
patients. A hospital-wide disaster plan should be in place to
streamline this process in the event of an emergency [6].
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This requires communication and cooperation among other
services within the hospital. Medical and surgical teams
must be prepared to decompress the ED and create space for
casualties as quickly as possible.

Decontamination

Although covered in greater detail in Part 6, a decontamina-
tion area is an essential component of the trauma resuscita-
tion environment. In the event of chemical/biological
disasters or radiation incidents, a plan should be in place for
wet and dry decontamination to occur outside of the main
resuscitation area. An internal decontamination room that is
directly accessible from the ambulance bay without entering
other parts of the resuscitation area must also be available.
This room must be equipped with running water, a floor
drain, and a trap for contaminated water, as well as adequate
storage space for personal protective equipment.

Communication

Maintaining clear lines of communication in the trauma
resuscitation area is essential for maximizing efficiency and
minimizing stress in this busy environment. Telephones
should be available within each trauma bay and at each cleri-
cal area in order to facilitate this. Direct radio communica-
tion should be available to the local EMS services and an
intercom or public address system that can reach all areas of
the resuscitation area (including reception/triage and the
radiology suite) [6]. Not only is communication between
members of the trauma team essential, but key personnel
including CT scan technicians, radiologists, and the OR
teams, for example, must be notified of the patient’s arrival.
All key personnel involved in the care of the critically injured
patient should be kept apprised of changes in the patient’s
condition as well as other important events as they occur. In
designing the optimal resuscitation area, clear sight lines
between trauma bays can be extremely beneficial when over-
seeing the concurrent resuscitation of multiple patients.

Communication systems that involve mobile phones,
radios, and pagers are likely to be overwhelmed during a
mass casualty incident. Therefore, a backup system for
ensuring internal and external communication is essential.
This may include a mass text message or hospital-wide email
alert to disseminate critical information. In the event that all
communication systems fail or are overwhelmed, alternative
options include a courier service or “runners” to deliver
important information. A third-party, off-site source of infor-
mation, such as the Red Cross, should also be included in the
mass casualty preparedness plan to prevent overloading the
hospital’s telephone system.

Control Center

A central medical alert center (MAC) should be in place for
coordinating the distribution of critically injured patients to the
closest regional trauma center. This will be dictated by the local
trauma center availability. In L.A. County, for example, the
MAC serves 13 trauma centers with over 20,000 trauma activa-
tions annually [7]. Communication begins when the MAC cen-
ter receives a call from the emergency medical service regarding
a critically injured patient. The MAC will then alert the trauma
center that a patient is en route to the hospital. The trauma cen-
ter should then have a system in place for announcing the
arrival of the injured patient to the trauma team at any time of
day or night, in order to ensure their timely arrival to the trauma
bay. The MAC center is also responsible for coordinating the
distribution of patients in a mass casualty incident. Coordinated
and timely communication between the MAC and trauma cen-
ter is essential for notifying the trauma team of patient injuries
and giving all personnel adequate time to prepare.

Security Considerations

Every trauma center should ensure the safety and security of
the employees, as well as the patients and their visitors. The
entrances to the trauma resuscitation area must be monitored
at all times and access from waiting areas to the treatment
areas should be restricted. Security personnel should be
immediately available to the resuscitation area in case a
safety or security issue arises and have the ability to remotely
monitor the remainder of the patient care areas and waiting
room [8]. Access to the trauma center should be secured with
an enclosed area that can be used for external triage, mass
decontamination, or for high profile patient management.

The Trauma Bay

Resuscitation areas will vary in the number of individual
“trauma bays” that they contain. These are often separated
by movable partitions in order to maintain patient privacy but
allow communication and direct sight lines in cases of mul-
tiple casualty incidents. The physical layout of a typical
civilian trauma bay is shown in Fig. 10.1.

Each trauma bay should have a bed in the center that allows
for complete access to the patient from all directions. The
trauma bay must have adequate lighting and sufficient space to
allow for movement of staff and equipment around the work
area. A portable ventilator is usually located at the head of the
bed, along with a large monitor that is clearly visible to all
trauma team members. The monitor should be capable of dis-
playing hemodynamic parameters including electrocardio-
gram (ECG) tracings, noninvasive blood pressure (NIBP),



64

R. Gelbard and K. Inaba

Fig.10.1 Photograph of the physical layout of a typical trauma bay. A
bed is shown in the center of the room. A monitoring display, IV poles,
and a wall-mounted ophthalmoscope and otoscope are located at the
head of the bed. Equipment and supplies are located on clearly labeled

pulse oximetry, respiratory rate, and body temperature [9].
Lab values including thromboelastography (TEG) tracings
can also be projected for the team to see. Each bed space
should be equipped with a wall-mounted ophthalmoscope and
otoscope and might contain infusion pumps, fluid warming
devices, rapid infusion systems, and a portable monitor/defi-
brillator. At LAC +USC, a boom-mounted ultrasound machine
is located at the head of the bed in each trauma bay, allowing
for immediate focused assessment with sonography for trauma
(FAST) and eFAST during the initial assessment of the patient.
Each trauma bay must be equipped for the active resuscita-
tion of at least one patient. If the surge capacity plan involves
housing multiple patients in a single room, redundancy in the
resuscitation equipment must be considered. Equipment and
supplies should be organized on clearly labeled shelves or
mobile carts. Mobile carts allow for convenient one-stop
shopping and minimize wastage of actions and time of the
trauma team. These might include an airway cart, surgical
procedure cart, and an IV access cart [2]. The airway cart
contains equipment such as laryngoscopes with various
blades, masks, bag-valve-mask devices, suction devices, car-
bon dioxide detectors, stylets, and endotracheal tubes of dif-
ferent sizes. Equipment for difficult airway situations,
including cricothyrotomy, should also be readily available.
The procedure cart must contain sterile gloves, masks,
gowns, and eye protection, as well as equipment for the
insertion of central venous catheters, thoracostomy tubes,
nasogastric tubes, and bladder catheters. The cart should

shelves at the back of the room. Off to the right, there is a workstation
containing a computer and forms for documentation, and to the left,
disposal containers for used needles and other sharp objects

also contain pre-labeled sterilized trays with supplies for
diagnostic peritoneal lavage, thoracostomy tubes, and resus-
citative thoracotomies. These procedure carts must be
checked for inventory and replenished immediately after
use. The IV access cart contains the necessary supplies for
the insertion of peripheral venous catheters, arterial cathe-
ters, central venous catheters, and intraosseous catheters, as
well as blood sampling tubes and IV fluids. Disposal con-
tainers for used needles and other sharp objects should be
accessible within each room, and a cart containing suture
materials, splinting materials, and immobilization devices
such as cervical collars and pelvic binders should be located
nearby. Each trauma bay should contain a sink for hand
washing as well as dispensers with non-sterile latex gloves,
gowns, masks, face shields, and shoe covers to assist with
personal protection. At LAC+USC, there is also a pneu-
matic tube system within the resuscitation area for the rapid
transport of blood samples to the central laboratory. The
use of pneumatic tubes has been found to significantly
decrease turnaround times for laboratory results and to
improve the overall efficiency of patient care [4].

Trauma Observation Unit Setup

A short stay or observation unit is an effective way of manag-
ing patients with an expected length of stay less than 24 h. At
LAC+USC, the surgical observation unit (SOU) contains 10
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beds and is staffed by nurses in a 2:1 ratio, as well as mid-level
providers. It is easily accessed from the resuscitation area and
is adjacent to the OR. Patients who require close serial clinical
examinations as part of nonoperative management of a pene-
trating injury or who require resuscitation prior to operation
can be moved here, decompressing the resuscitation areas.

Special Situations
Noise Discipline in Trauma Resuscitation

According to Chhangani et al., the level of ambient noise is
inversely related to the coordinated activity of the trauma team
[2]. A professional environment without excessive noise should
be maintained at all times within the trauma resuscitation area.
Keeping ambient noise to a minimum will minimize patient
anxiety, improve team efficiency, and allow the trauma team
leader to be heard by all those participating in the resuscitation.
This is particularly important in mass casualty incidents.

Resuscitation in the Operating Room

The unstable patient with a clear mechanism of injury requir-
ing operative intervention may bypass the trauma bay and

proceed directly to the trauma operating room. The trauma
OR is ideally located near or adjacent to the resuscitation
area to minimize transportation times and should be appro-
priately staffed by a dedicated team that includes an anesthe-
siologist, circulating nurse, scrub nurse, and additional OR
personnel depending on the nature of the injury. The trauma
OR should be immediately available 24 h per day and be pre-
pared to accommodate an unstable patient with little
advanced notice [10]. In addition to the equipment found in
the trauma bay, the trauma OR also contains an anesthesia
machine, multiple infusion pumps, autotransfusion devices,
and access to sterilized surgical supplies.

Hybrid Operating Rooms

Over the past several years, hybrid operating rooms have
emerged that combine interventional and surgical proce-
dures for the care of the critically injured patient. The hybrid
OR, equipped with a fixed C-arm and angiography table,
allows for specialized interventions to be carried out simul-
taneously and therefore maximizes efficiency [11-13].
Unstable patients with significant hemorrhage from pelvic
fractures, for example, can be transported to the hybrid OR
for pelvic packing and internal iliac artery control followed
by angioembolization without ever leaving the operating
room. The layout of a typical hybrid trauma OR is depicted
in Fig. 10.2.

Fig. 10.2 Photograph of a typical hybrid operating room at a level I
trauma center. The OR contains the same equipment and materials as
the trauma bay all arranged around a centrally placed operating room

table. The hybrid OR is also equipped with a fixed C-arm and angiogra-
phy table that allows for specialized interventions to be carried out
simultaneously
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Conclusions

A well-designed trauma resuscitation area facilitates the
rapid mobilization of personnel and resources and stream-
lines the evaluation, resuscitation, and treatment of critically
injured patients. The physical design of the space not only
impacts staff workflow and communication but also directly
affects all steps of the patient triage and resuscitation. In this
era of cost containment, building flexibility into the design
will ensure maximal efficiency in usage of the space while
allowing for rapid ramp up in case of mass casualties. As
future technological advances occur, flexibility in design will
also allow the resuscitation area to adapt and continue pro-
viding optimal care.

Key Points

* The design of the resuscitation area should allow
for efficient patient inflow and outflow.

e The entrance to the resuscitation area should be
well lit with designated “drop-off” zones; it must be
secure and large enough to be used as an external
decontamination and triage area in case of a
disaster.

e The physical plan of the trauma resuscitation areas
should allow for temporary expansion as part of a
surge capacity plan.

* An observation unit is an effective way of managing
patients who require close serial examinations or
resuscitation prior to surgery and can decompress
the resuscitation area.

e Preparation is critical, and the resuscitation area
should include all necessary equipment and sup-
plies for the physiologic monitoring and active
resuscitation of the trauma patient.

e Communication is key, and the design of the
resuscitation area must ensure clear lines of com-
munication at all stages of patient triage and
resuscitation.
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Introduction

Measurement is the first step that leads to control and eventually
to improvement. If you can’t measure something, you can’t
understand it. If you can’t understand it, you can’t control it. If
you can’t control it, you can’t improve it.

—H. James Harrington

The level of quality in the current healthcare system has been
questioned in recent years [1]. The oft-cited report “To Err Is
Human” by the Institute of Medicine indicates that up to 98,000
people die annually in US hospitals as a result of injuries from
their care [2]. This has been a strong impetus for the public to
demand better quality from their healthcare system and their
providers at an affordable cost [3]. Trauma is the leading cause
of death in the first four decades of life, the fifth leading cause
of death overall in North America, and a significant contributor
to potential years of life lost. Overall, major trauma patients
have a 20 % mortality rate, while survivors often sustain perma-
nent disability [4]. We would argue that those involved in acute
trauma care share the same attitude as the general public: that
systems and provider teams can be further improved to benefit
patients and improve population health.

Despite the societal importance placed on QI and the medi-
cal community’s acknowledgement of the issue, there are still
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relatively few institutions who measure quality data in a regular,
rigorous manner to determine whether changes are truly lead-
ing to improvements. Sadly, even fewer achieve prolonged suc-
cess in QI. Many interventions are reactive to critical incidents
or high-profile issues, and sustainability may not have been
factored in during the change design. This chapter will discuss
healthcare quality as it relates to trauma, current measurement
systems and indicators, and the potential benefits that can be
derived from contributing to a trauma data registry.

Healthcare Quality and Relevance to Trauma

A widely accepted definition states quality of care is “care
that results in desired health outcomes and is consistent with
best professional practice” [5]. In order to delineate an
abstract concept like quality into a measurable framework,
six dimensions of quality have been proposed under the
Institute of Medicine IOM)’s “aims for improvement” [2]:

1. Safe: Care in healthcare facilities should be free from
harm.

2. Effective: Evidence-based practice should be standard of
care.

3. Efficient: Care should be cost-effective with minimal
waste in the system.

4. Timely: Waits and delays to care/treatment should be
minimized.

5. Patient-centered: Care should focus on the patient,
respecting personal preferences and supporting patient
control during treatment.

6. Equitable: Disparities in care should be eradicated.

By creating specific performance measures that align with
these six dimensions of quality healthcare, potential for
improvement in patient care can be realized within each
healthcare discipline. Performance measures may be
categorized as those reflecting structure, process, and out-
comes, relying on the Donabedian model. Briefly, structure
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refers to the physical environment of a healthcare facility, pro-
cess refers to clinical interventions for a given patient, and out-
come refers to the patient status after completing an episode of
care. See Table 11.1 for definitions and trauma-specific exam-
ples. With respect to the IOM aims, a process measure reflect-
ing “timely” and “effective” care would be getting trauma
patients to the operating theater within 60 min. A process mea-
sure reflecting “safe” care would be the proportion of trauma
patients receiving appropriate deep vein thrombosis prophy-
laxis. Only when we are able to define meaningful trauma
quality indicators can we identify appropriate interventions
and implement the art of “change management.”

Trauma patients are inherently at risk for harm in health-
care. They are a unique population in that they are generally
young with minimal comorbidities, but can present acutely
in physiological extremis, and often are socially disadvan-
taged. Recent evidence reveals that trauma patients face the
same challenges as other patient groups in obtaining high-
quality care [6]. Great variability in clinical outcomes has
been observed across hospitals that treat trauma patients,
including Level I centers [7]. Even in countries with mature
trauma systems, up to 50 % of major trauma patients do not
receive recommended care and preventable trauma deaths
still occur in hospital [8]. In Canada, adherence to ATLS
guidelines appears low in rural settings [9]. Furthermore,
medical errors are common in critically ill trauma patients
[8]. Review of in-hospital trauma deaths has found 2.5-14 %
of medical errors were preventable [10]. Thus, we would
argue that the question has changed from if quality improve-
ment should be part of trauma care to how quality improve-
ment should be part of trauma care.

Table 11.1 Performance measures: descriptions and examples

Measure  Description Trauma examples

Structure ~ Measures of the static — Proportion of ATLS-
characteristics of the trained healthcare
individuals providing care providers
(e.g., education, — Level of the trauma
certification) and the center
settings where care is
provided (e.g., equipment,
staffing levels)

Process Measures of what takes — Obtaining a CT head for
place during the delivery GCS <8 within 30 min
of care. It can reflect both of arrival to a healthcare
appropriateness of an facility
action (e.g., ordering the ~ — Proportions of patients
right test) and skill for who received DVT
properly performing the prophylaxis
action in a timely fashion

Outcome  Measures of whether — 30-day mortality

Return to work within
3 months of injury

healthcare goals were -
achieved, which can

include cost, patient
satisfaction, or disease
control

Quality Indicators in Trauma

The use of quality indicators in trauma care is an evolving
process. Ideal quality indicators should have high reliabil-
ity, sensitivity, and specificity, while process measures
should have empirical links with patient outcomes [11].
With respect to trauma, ideal quality indicators should
apply to a significant number of cases, rely on current and
best practice, consider a specific/appropriate population,
include a risk adjustment strategy, and reflect outcomes
other than mortality [12]. Most health care providers have
experienced cases where good patient outcomes have
occurred despite poor care (i.e., faulty process or inade-
quate structure) and cases when poor outcomes have
occurred despite optimal care in well-equipped facilities.
Thus, any measure that assesses quality must be designed
such that it truly captures the aspect of the healthcare sys-
tem/patient care that it is thought to capture.

The American College of Surgeons Committee on Trauma
(ACS-COT) used expert consensus to create an initial set of
quality indicators (audit filters) in 1987 to facilitate quality
improvement from the peer review process [6]. Since then, a
plethora of indicators have been implemented in a variety of
jurisdictions, which allows for standards to be set and for
other organizations to work toward in order to improve
trauma patient care. In a recent survey of trauma centers in
Canada, the USA, and Australasia, 10,587 quality indicators
were identified from 242 institutions, including 1,102 unique
indicators. The ten most common quality indicators identi-
fied are listed in Table 11.2 [13].

Several limitations in the reported quality indicators
were noted. Most quality indicators were not well specified;
a descriptive statement was included, but lacked detail
regarding data elements or construction of the measure,
which impacts reliability and validity of the indicator.

Table 11.2 Ten most common quality indicators identified from 247
trauma centers

Percentage
Quality indicator of centers
Appropriate admission service/physician 53
Hospital mortality 43
Secure airway in comatose patient 40
Time to laparotomy 39
Scene time 38
Time to craniotomy in severe traumatic brain injury 36
Length of stay 35
Reintubation within 48 h of extubation 34
Nonsurgical management of gunshot wound 32
Unplanned return to operating room 30

From: Santana MJ and Stelfox HT. Quality indicators used by trauma
centers for performance measurement. Journal of Trauma 2012;
72(5):1298-1303 [13]. Used with permission from Wolters Kluwer
Health
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Furthermore, not all aspects of trauma care were captured
with these measures. While many indicators reflected hospi-
tal process and outcomes for trauma care, few measured
prehospital care and even fewer measured posthospital care
or secondary prevention. In all phases of trauma care,
structure-based quality indicators were rarely used. With
respect to the Institute of Medicine’s six aims for improve-
ment (described earlier in this chapter), patient-centered
care and equitable care were measured by less than 1 % of
the 10,587 quality indicators reported [13]. Process mea-
sures put forth by ACS-COT have also been questioned in
their ability to reflect patient outcomes [14]. A recent review
of current ACS-COT quality indicators found those that are
strongly associated with clinical outcomes may lack face
validity to identify poor-quality care for complex multi-
trauma patients [7]. It is clear that gaps exist in the current
assessments of trauma quality.

Despite these gaps, several initiatives in North America
show promise to advancing the measure of quality in trauma.
In 2006, the American College of Surgeons created the
Trauma Quality Improvement Program (TQIP) to move for-
ward from ACS-COT audit filters and provide reliable, high-
quality, and risk-adjusted data for mortality rates and ten
common in-patient complications, e.g., deep venous throm-
bosis, across participating trauma centers [15]. Rigorous
standardization of the National Trauma Data Standard (the
means by which hospital data is collected) has allowed TQIP
to provide benchmarking measures such that individual
trauma hospitals can compare themselves to other centers
and identify areas of strength and weakness in prespecified
areas [15, 16]. As well, there is the ability for institutions to
network in order to facilitate and offer mentorship around
some of the QI initiatives. This allows institutions to focus
QI efforts in addressing areas of substandard performance. It
also highlights best practices of care, which can be shared
among institutions, and can influence funding in pay-for-
performance models. Currently, over 200 institutions in
North America are using TQIP [17].

At this time, TQIP relies on ordinary logistic regression to
compare institutions. Ongoing work in Quebec, Canada, to
assess interhospital mortality suggests that hierarchical logis-
tic regression may be a better method to assess hospitals
given the relationship among patients treated at the same
institution [18]. However, this method is more complex than
ordinary logistic regression and the implications of wide-
spread implementation are still being evaluated. Related work
suggests that risk-adjusted models for length of stay [19] and
unplanned readmissions [20] are valid quality indicators to
reflect acute trauma care. These models are based on rou-
tinely collected registry and administrative data and can be
used to drive performance improvement. Another method to
increase reliability of trauma quality indicators has been the
development of composite measures for predicting mortality.

Table 11.3 Quality indicators included in composite score [21]
Quality indicator
Team activated for major trauma patients
Fixation of femoral diaphyseal fracture in adult trauma patients
Head CT received within 2 h
GCS score <13 and head CT received within 2 h
Sub-/epidural hematoma receiving craniotomy within 4 h
Cranial surgery <24 h
Abdominal surgery <24 h

Interval <8 h between arrival and treatment of blunt, compound tibial
fracture

Laparotomy performed less than 2 h after arrival at ED

Computation of composite scores, based on multiple indica-
tors, takes interactions between processes into account and
may better reflect the complexity of trauma care [21].
Composite measures have been used to identify top hospital
performers in management of medical issues such as conges-
tive heart failure, pneumonia, and acute myocardial infarction
[22]. In the setting of trauma care, performance on nine pro-
cess measures, e.g., head CT within 2 h of injury, combined
as a composite measure successfully predicted mortality rates
at the individual hospital level (Table 11.3) [12].

The TQIP program and development of composite mea-
sures are the first steps to improve the validity of quality indi-
cators in trauma. Unfortunately, many of these initiatives
focus on identifying factors associated with in-hospital mor-
tality. Development of trauma systems over the past four
decades has contributed to significant reductions in mortal-
ity. However, decreases in mortality rates do not necessarily
reflect lower morbidity rates and may miss deficiencies in
caring for those who survive [23]. Several groups [10, 18,
24] have shown that other important aspects of trauma care
are worthy of —and deserve—rigorous assessment. These
groups advocate for additional outcome measures in order to
evaluate the quality of trauma care, such as health-related
quality of life [10], length of stay [19], and unplanned read-
missions [20]. Hopefully, as the science of QI continues to
evolve and lessons can be learned from the refinement of
mortality-based quality indicators, a more standardized and
complete approach to QI in trauma care can be established.
As leaders and advocates for the provision of trauma care, it
is our responsibility to participate in this process.

Quality indicators help us establish that there is a prob-
lem, but these measures do not tell us how to fix the problem
or whether or not the changes we implement are actually
leading to an improvement. Here is where knowledge of
quality improvement science can be of tremendous value. QI
fundamentals, which include defining the problem, identify-
ing the root cause, and use of the Plan—Do—-Study—Act cycle
to operationalize change, underlie how we can move forward
to standardize and improve trauma care.
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Quality Improvement

Quality improvement (QI) is an approach that originated in
industry during the 1920s and has been more recently applied
to the healthcare system. It is both a method and cultural
movement for all stakeholders including healthcare provid-
ers, management, patients, and families to evaluate and
improve processes of patient care to achieve better patient
outcomes, system performance, and professional develop-
ment [25]. Before initiating any improvement initiatives,
stakeholder engagement is vital to understand where the
problems are and what changes are high priorities for the
organization. Alignment with organizational needs is critical
for ongoing success. Although a variety of QI processes exist
to evaluate a system for improvement, we will be focusing
on a commonly used model for improvement: the Shewhart/
Plan—Do-Study—Act (PDSA) cycle (Fig. 11.1) [26]. Before
performing a PDSA cycle, we must define the project aim,
components to measure, and intervention for change by
answering three key questions: (1) What are we trying to
accomplish? (Aim) (2) How will we know that a change is
leading to an improvement? (Measure) and (3) What change
can we make that will result in improvement? (Change).
Once a change and its measure are defined (Plan), it is tested
on a small scale in a real setting (Do). Successes and failures

What are we
trying to accomplish?

v

How will we know that a
change is an improvement?

v

What change can result
in an improvement?

!

PLAN

AIM
MEASURE

CHANGE

DO

ACT

STUDY

L

|

Fig.11.1 Shewhart/Plan-Do-Study—Act cycle

of the intervention are analyzed with frequent modifications
made in response to observations (Study). The intervention
is tested repeatedly with these improved variations (Act)
before implementing on a broader scale. While scientifically
grounded, such an approach is inherently different from that
used in conventional randomized controlled studies because
modifications to the intervention are continuous and we
begin to make improvements in the system before the inter-
vention itself is perfected. In this way, a PDSA cycle allows
us to exact change quickly while adapting interventions to
suit the needs of the users and system. The PDSA model for
improvement can be seen in the following example: Plan, to
improve compliance with administration of deep venous
thrombosis (DVT) prophylaxis in trauma patients; Do, a
monthly educational seminar to new residents orienting on
the trauma service; Study, audit charts on a weekly basis and
determine compliance rates after 3 months; and Act, compli-
ance rates have not improved to targeted goal, prompting
another change intervention, e.g., a standardized order set
including DVT prophylaxis. The cycle is then repeated until
the target goal is achieved. Failure of quality improvement
projects is most often due to lack of rigorous testing and
introduction of change too early in the process. When initiat-
ing a PDSA cycle, it is important to develop a family of per-
formance measures. In addition to choosing an outcome and
process measure (e.g., percent of trauma patients with pul-
monary embolism complications and percent of patients get-
ting DVT prophylaxis, respectively), one must also consider
a balancing measure. A balancing measure is an outcome
that is measured to ensure that the impact of changes to one
part of the system does not cause changes (positive or nega-
tive) to another aspect of the system (e.g., increased bleeding
with higher rates of DVT prophylaxis).

After choosing appropriate measures, an improvement
plan requires that data is collected on a regular basis and
audited. Results should be analyzed in meaningful intervals
so that data is displayed over time. Quality tools such as run
charts or control charts, which are beyond the scope of this
review, are powerful methods to visualize the impact of a
change.

In order to ensure small wins and early successes to drive
larger organizational projects, several principles should drive
any QI initiative:

1. Select an issue that is feasible and within your area of
influence.

2. Choose targets that are easy to measure at baseline and
over time.

3. Ensure that data is being collected and reviewed on a reg-
ular basis.

4. Find commonalities and relate microsystem quality data
and projects to organizational initiatives in order to help
build support for future projects.
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Opportunities for Improvement

population, include a risk adjustment strategy, and
reflect outcomes other than mortality.

Using the Shewhart/Plan-Do-Study—Act cycle
enables rapid changes to occur over a short period
of time, to help drive improvement strategies. In
order to ensure sustainability, it is important that

For those individuals and institutions new to QI initiatives,

we will leave you with several clinical questions as examples o
to reflect how the Institute of Medicine’s six aims for
improvement might be applied to trauma care at your
institution:

. Safe: What is the mortality rate and the adverse events
rate for trauma patients treated at your facility?

. Effective: Do all trauma patients with a GCS <8 get a
head CT within 2 h of injury? What is the rate of compli-
ance with DVT prophylaxis in trauma patients at your
institution?

. Efficient: Is there a significant duplication of imaging and
tests for patients transferred from other facilities?

. Timely: How long does it take for trauma patients within
your catchment area to obtain definitive care?

. Patient-centered: What proportion of patients and fami-
lies are provided with clear information during transitions

quality improvement projects are introduced and
implemented in an effective fashion; the project is
one that is important to stakeholders, is in line
with organizational strategies, and is regularly
audited.
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